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TREATED TISSUE FOR IMPLANTATION AND PREPARATION METHODS 



. ■ ■ BACKGROUND :: 

Surgical heart : valve - replacement may involve 
: : ; ■ \$:\ : ^y^ ^^^^^^ ion of one of: three : ; : distinct prosthesis types; : 5 : 
; : mechanical (synthetic) ^ bibprostte 

porcine valve or = bovine - pericardium) , 6 

: : : : 

; degenerative changes ^ - : 
aortic : insufficiency or : aortic stenosis . Of the 
; • approximately ^ implants annually Vin ' 

\ u * s • ' 75 ^ a .re ^ e cii^ical valves . The remainder of v '-: 
. : ^ : V/ .y- Y::-^^^^^ these , 

: .v : : • ; : : ; Pye xr v ^ 0 % / : " aix-e porcine biopros theses- the relatively small : ; 
■■ ::: v.T^'-:n\mher of allografts, (2 ;-;S0q^p^ : yea±) is primarily due to A 
their rlimited ; availability . 

.. The criteria : f or : an ideal ; prosthesis would ; ■ 
•?P : . : : : ; :: include natural hemodynamics /^v i^ durability, low- : ^ 

c 4 f i * on > P^^ en ::^ and no 

V :'^ 

.'jtiPh;.; :V: ■ .'; Even iri: : autol ogous% " :': th¥ ; 5;? 

: ■• 2 f \: : ; : ] I^^^S; ■ ^ ;V: P*? : Y ; t ±S SUe , : SUCtl aS : V V £±11 V ": t S 'r ; 
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itself be a stimulus for tissue hyperplasia and 
subsequent failure of the graft. . : 

In accordance with this invention, heart 
valves, pulmonary and aortic, may be prepared having 
5 advantageous properties with respect to wear, tendency to 

■ calcif y> stimulation .o^ reduced 
i: : : difficulty in acquis it ion . ; 1 1 ^ is also appl 1 cabl e to 
• other: forms of tissues particularly those composed; of 
structural interstitial collagens.: 
. id- . v ; . : .; various syn t he t i c ; graf t s arid : me chani cal organs • 

'. . ■ have been developed and : : are. currently in '.. use ; .• : However ,7. ... 
thes e syhthe tic : r eplac emeht s ; ar e known ; to be sub j e c t to 
. : . . embolic cc^lications or ^ in material strength 

; : over long periods: of Vi^ 
: 15 : . mqdif i ea t i bns in ; mechanic ai prostheses such; as heart ; : 

• valyes have ' 'been y imprcvedyw^ • to the i : r'vwearv : :- : -V:: : -: :; -' 
charac t er is tics; they : remain; liable to valve malfuhct iqh, 

y ; : :' :V : y : : : Wtid. oti: may occur suddenly :and : without warning, result^ 

• ■ ■ iii : : emergency . situations rei^itiriig surgical ; intervehti on :': ;• :';';; 
2 0 :V:V:y ; V: : V: f ^ahd^. replacement ;: of - : the artificial: pros thetic ; device, VV: : :: 

: . : ..' ; ' : y;y; Because ..the: surf ace prbpert ies ; of : . syhthe t ic/mechahicai: 
y ..V : . : 7 : ; : : :-: : prostheses used in the vasculat^ plateiet : adhesi . : 
: increas es the • 1 ikel ihood . • of thrombus f orma t i on and . 

25 ; ; the; implant and makes undesirable: for : 

cert ainy groups of pot ent ial recipients: (for example; .: 
. women o f child - bearing. 1 years) 
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One alternative, bi opro sthetic heart valves, 
are prepared from valve tissues of porcine or bovine 
origin. Because these are species discordant 
immunologically from man, they are rapidly rejected by 
the implant recipient despite the use of 
iininuhosuppression vto th^t would otherwise 

maintain an allograft. Significantly, thes tissues are 
liable to hyperacute re j ection by the recipient because 
of the presehcie in the recipient of preformed natural 
; antibodies wi^ cli recognize aht ^eiii^ 6n the surface of : : : 
; fpreign . cells-; : ^^3parfci:cuiarly: those of the ehdothel ial ••;"V;;.: : : V:: 
: Vv lining of. hei^^y. : y^iiye^- and blood •. vessels' While bovine v 
or porcine valve . tissues are structux^iy and : 
biomechanics^ f or use in hijmahs ; the 

15 : potential of s^cl^ foreign tissue to stiinulate immune 
;rejection in^the: recipii ' 
: treatments _"wi ; th:: : - : ciiei^ca2 crosis - linking; agents such as 

ireduces the 

. ;.3t iijml at i : o f : . an. : ijnrmmol pgicalv; respohs e /by the : r e cipieiit 
2P..'r - : to the f orei^ t issue , and.alsas 

protein of the: resulting hdh^vi^:^ 

''it . .niore resistent; to deg y 
• However , becaus e these tissue grafts : are non - viable , 'v 
*® i s : no bi bis^the 1 1 c mechanism ; to repair ■ s t rue turai 
25 proteins broken down during the opeiration of the tissue: 

v;. in t^ie /recipient ^ 

with t ime , : i^cireasing the risk of stanictural damage ahd'-\ ; y.' ; : 
consequential failure. While occurring with less 
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frequency relative to mechanical grafts , thromboembolism 
is also a patient management issue for recipients of 

these grafts. • 

Similarly^ organs such as kidneys have been 
transplanted allogeneically from one sibling to another 
in an effort to minimize immunologically mediated 
reactions in the transplant recipient, which would : result 
in organ rejection- These patients v as well ^ patients 
receiving transplant oirgans f ram donpris other than a 
: : s ibl ing, are ; ffe guently administered drugs : to = suppress 
^heir immuhe system. : While the immunological response to 
transplant tissue organs Vmay be suppressed: through the 
use of immunosuppres sant drugs to min i mi ze • re j ec t ion , ; : : 
imminosuppr essaLht therapy is general in nature ; Hence, 
immunosuppres sant drugis also tend t o suppres s the djnmune ; . 
reisppnse generally , which reduce s - . ; t he t raj ri splairt 
recipient's . ability to Combat infection. 

More recently: processes have been : d^ 
; . v : 'cj ene ra t ing improved ; ; bi.opr bs thes is : for ■ human : : :Or^iiialiaiiaD: : : 

: Jjnplant , . by treatment of non-human tissue. -• - See,' Ortoh, 
■ .v : E : i^ 

generation 6 f implant t issue •• by reaving native ; cell s 
from tissue of , for example , porcine origin ; and then , 
repopulat ing the tissue with new cells in the presence of : : : 
growth factor.;. The repopulatihg cells are : 
immunologically compatible with the : int ended : : i^laht ; - :■; 
recipient. The biograf ts produced by this prcicess are 
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free from many of the disadvantages of other prior art 
bioprosthesis . 

SUMHARY OF THIS IKVEWTION 

This invention provides new and advantageous 
- S::V : .-: processes; for generating implant' tissue suitable fpr : 

: : V- : - E : : - : -V- : -"-': : ; V* l ^^ : ? l ??^-V-"^??'. -lUiniaiiB " '.".bar othg-r mamma 1 - g i " prnrpgc of t^W-i a J 

: invention generally relates to treatment of xenogeneic or ^-v • : : ' : 
allogeneic tissue to generate a viable bioprothesis Which 
: does hot produce ah adverse: iinntune response by the 

IP : ; : : \^ci^ implant y and possesses : the regenerative ■■'V ; ;'; ; V ; 

: ; : y;-v : :: ?;r; : T:V: :: -::;c allografts , while exhibiting only : : 1 imi ted' • •'• • 

■ propensity : . to palcif y and little' ^tii^^tibh bf : . ; :; .V- 
^thromboembolism; 1 

In accordance with; the f dregoing/ the pr^ _ 
: ; : :'; 'IS;: . : :'- ■ of r^thiis': ; ;i weiit i^:'; includes ' the. ; st^^: : ;bf : 'v'pif^ 

: .:xenc^eneicr. ('pr ..allogeneic) tissue matrix ^pr further; 

: and cellular debris from the decelli^arized : tissue : . : 
: : : . ma t rix >: : : : and . : treat ing .the : matrix .to : : inhibit ; generation : ■ of ;■ ■ : : 
20:*;.'.; :; ; hew:;;innmm This tissue matr^ then 

treated with the cellular adhesion fact 

• •\-T:i-- ••-:-'-.-;j 1 e W; ceils : i- : \' *^r : }'r y ' ;\ :y "" ; Y. : ;. : : ' v ' ' : : ; : v v : : : : - A ; : ; . : : .' ; ■ v ; : j ! : ? : : v.vA ; . : . ; ; : 

. 25 v :' ; :.;. v • \^ upon the .cells,:, useii to: repopuiate the -V' 

iiatxir^ tissuie matrices differing properties o f : : the " V: 
:: species niay:':be- :bbtkih^ble',: ■ suchvas'-' 
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the ability to synthesize proteins otherwise atypical for 
the natural tissue at the site of implantation or unique 
to certain age groups. These hybrid grafts would combine 
the structural advantagjes of bipprosthetic grafts with 
5 the functional and regenerative capabilities of 

allografts as well as display attenuated or no immune 
response, limited propensity ^ little 
stimulation of thrambbeinbblism.v As with all 
; bioprostAetic: grafts: 
:■. 10; ; tissues would not be supply limited and ^ w^ 

: : f ^ Ih 

^■ r \;::::3L6d^±ati r :. these'- grafts would not be necessarily -".v./.. 

chemically altered to make them stable to the recipient's 
immun e sys t em ; therefore, such materialis would display 
; 1:5 : biaaechan^ cal properties more like those of the tissue ; - ' 

:i^:T:V - v: .;;'.:: ::V; :: thiey. are used- to ■ replace d; : : ' - 

The invention des cribed ; herein is useful f or : 

;;:.-;•= iiipl^ t a t i on . : : : It ^is-' part i cularly well suited for ■ 

::.:2.0;::; : i 

ysp^c^ 

■ :: ; ". : : : ':' ; he^t -'-TO 

^qyine: - origin . . Examples of other tissues suitable for ' 
: '.use --in this -invention: "may. be , : but are not limited tb/ v 
: 25 :■■ •• -^prtic heart valves , / pulmonary heart valve^ f as cia lata, 

: dura mater, -:p^^ 

tendon, and other . connective tissue structures. 
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DESCRIPTION OF THE DRAWINGS 

Figure 1. Photomicrograph of a fresh aortic 

• v • • leaflet* • 

Figure 2a, Phot omi crbgraph showing pulmonary 
5 ■,. vaive ; conduit after: deceliuiarizati ■ 

: ; Figure 2b . ; Pho t omi crbgraph showing myocardium ; 
.". . ■ •• af t erf decellularizatibn, : .'.v : - ■ ■. • . • 

: / E . - \ P±g^jre . 3a . Photomicrograph of decellularized 
• . ;abin:ic : ;ieaf let .v'V: : : .•v.'' ::: ;• ; '. : v :: v•••v^ : • : . :: • : ; : 
io Figure 3b. Photomicrograph of repopulat ed 

aortic leaflet . ' ' 

Figtire 4. Collagen and Non- collagen Protein 
• Synthesis^ i^ Leaflets r 

Figure 5 Reac t ivi ty : of Rabbit ; Antisefa Raised '• 
■ ■ ■:: '.vis };\ ■ .-■ . ■ v. : : : :to- : v Extracts of Cryopreserved • or Depopulated Po^ihe ; Heart • 
\" Valve lieaf 1 e t s - i^ihody Capture • 

Figure. 6a. Phbtomi crograph showing the minimal : 
:V- : v :" cellular response ; tr i^j^red b^v decel lularized -poire ine . 
'.' : v : -heart valve leaf le ts aft er implantat i on .v • 

:: : '- : . : : :.v20 : : - ; ■ ' : V: ■ ; 

: ; : : ; :resp^bns[e- y triggered by : .crybpreserved ; : ;por cinev : aortic valve ■ ■ ; ; ■ 
leaflet after implantation. ; 

• Figure 7a. ; : Photomicrograph of fresh porcine 

'. 'v : : : :v'\:. V.'v. : ; : 25: : : ' ; : •" •: ant igeh : : • :' : y • : : ; ::. : : : : : • • • ; ' :' ' ■'■ v-.v: . \ ; - : ".r' : : "-. : v- : :V " *• ;-v \;: : ' : v. : ; V::V : '' ' X- : : : 

• ' ■ ' Fig^e 7b. Photcnnicrogiraph of decelliilar i zed ; : ; 

porcine aortic valve leaflet assayed for pig cell : 
assbciat;Wd::^tigm.^"-\:.:.i':.:.- ... . 
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Figure 8. Stress -Strain Relations of Porcine 
Aortic Valve Leaflets. 

Figure 9. Stress Relaxation Curves of Porcine 
Aortic Leaflets After Preconditioning . 

Figure 10 . Tensile Failure Data for Porcine 
Aortic Valve Leaflets. 
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DETAILED DESCRIPTION OF THE 1UVKN T I 0N 

Depending on the type of transplant intended; 
if the recipient is human, the initial transplant tissue 
or: organ may be of non-human origin. These tissues or 
organs may be obtained at approved slaughterhouses from 
anima is fit for human consumption or from herds! ot^-Nr'X 
domesticated animals maintained for the purpose of 
providing these t issues or organs * The tissues or organs 
3xe handled in a sterile manner, and any f ur ther • • 
dissection of the tissue or organs is ca^ied out under : : 
; aseptic: conditions . : : ■ 

: : 'Transplant' ■ : tis sue : originating from a; hbh - human : : : • ; 
sources and intended f or use in a human recipient may be 
P xenogeneic 

\k mz ^ ±x ':: free :6f m ' : aLa^igenic : -''- ;: ' :;/ 
components and whic^ is populated with viable human 
■■.: : :i : : ::-:':Cells ; .. The steps of the Vproceiss for generating such 
:y:: : :: : : :™^pl ogically: tpierabi^ iil^lants are : described beibw : ;-V: ': = - : 
20 : - : . ; t er : v : collec t ion- : and dissolution, the tremulant 

. reissue may be sterilized 1 by incubating it 

buffered nutri^t solutiohyC 
: : agents, for exampl e an antibacterial , ah antifungal ; or a 
• steriiant ccm^atibi the transplant ;tissue - : : 

2 ? : ' . TOe sterilized: transplant tissue may then te^:^^^^ 

P^oprese^ed f or f urth^r : processing at a later xime : - ■6r^^ ! 
may immediately be further processed according to the ; 
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next steps of this process including a later 
cryopreservation of the tissue matrix or other tissue 
products of the process . .. 



Decellularization : 
5 : A preliminary step of this irrventioh calls for 

elimination of native viable cells as well as other 
cellular and acellular structures or components which may 
elicit ah adverse immune response by the in^lant v 
••' '. .:. recipients .- 

^10; : ::.;;::; ; Several of reducing the viability of 

native- organs are known , including : 
.:: phy^ical : /y chemical, and b-i nph pmirai m^ yh ods : - 'see, e,gV 
TJ v S i Patent 1 No ^ 5,192 , 3 12 whi ch ; is " : ihcbrporat ed herein by 
• : ; -^ : refe^!Bpp|E : . Such 'methods may : be einapl oyed in accordance v : : : -y. : .-' 
15: - •/;.'•;; ---M • wit -v..; ftowwer; : the ' 

diebellulariizat i on techni que : enqpibyed should; hbt ; resiil t in 
y:/.v. : ; :::-^ the ancteamy of the transplant tissue 

/ : :/:. : : v; : -: : .^ 

; . : i ts : s t ructural el ements . v ■ ■; ■ The treatment.-; of the : t issue v. t d: '■: '■ ' 
' 2 ^ ; v.-. : -. : ; . : : ; i P iro ^ tlc ® ; : ; a ' ' ; de c ^ 1 ^ lI - 1 ' ar i z ® d : ' : ^ i ss ^e ■■ ■■ matrix should : ; als d ; ; hbfc : ; v • • • • 
leave a cytotoxic environment that mitigates against 
:' : v - : subs eqiient • repopulation of the matrix with delis ^ : 
vall : pg^ieic: : bf ; v autologous ; y. with respec t ; : ; : :t oV: : :the = = '• rebi^i^ht v ■ - 
■■ : ^V-^ : ^C#;ilfc;3u^ ; " tissues tiat are allbg^eic 
:.? : 5 /: J ; : a^e : thos^ that originate with or are derived'; froni ^dbhbr- 
r-r q *- *^:: ss ^:y^*?* BS :* s P*^ recipient . Aut ol ogous eel 1 s =" 
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or tissues are those that originate with or are derived 
from the recipient. . . 

. Physical forces,, for example the. formation of 

intracellular: ice; can be used to decellularize 
5 transplant tissues. For exan^le> vapor phase freezing 

(slow rate of temperature decline ) of intact heart valves 
can reduce the cellulari ty of the heart valve leaflets as 
compared to liquid phase freezing (rapid) . However; slbw 
V ; freezing processes , in the absence of cryoprotectantv may 
: : 10 result in tissue disruption such as the cracking ■ of ■ heart ' • ^ 

, i 

V: : ' :; ': during freeze - thaw cycles; to alter ice formation patterns :: ^'\\\ \ 

w/v) and 

... dialyfsed hydrbxyet^ added /tb; ; - : :-' v - ; V^v# 

• ^; :: ';;;^- : ;^ v v- 15 : ': standard cryppreservaticm solutior^ 

• • - : ; f etai; -bovine; - . serum -to ; • redute : e^racellulaf ice ■ f bi^tiic^ [ ; 
■ ■ . while . ipeiinitting : . format ion of • intracellular : ice^-^Ttii^'. '■: 
. a * ld ^ : * ■ *^siire : of .:;decellularizatibh : '. : while : affording : :the. 
■ : :: " ; ■ .from' ice ^l^:^':';-^.^: . 

;:-^y^ -that tissues r ;. : : . ; . : .v 

' ^ a ^ i ^ la ^ 1 7 ' ^^^ valv<B conduits, will- v crack*, if j rapidly y]: r ; y:P:M-::-J- 

Alternatively ,va^ or Mother / 

• ; ^em cal . t r eatment s to v-el:^ 

'• : : e^ ended exposure of cell s t o pro t eas es ; such ass ttypsin : 
-.;jQ'':. *: result in ceil: deaths : However, because at least a 

portion of the type I collagen moleciae is sensitive to a 
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variety of proteases, including trypsin, this may not be 
the approach of choice for collagenous grafts intended 
for implant in high mechanical stress locations. 

Combinations of different classes of 
detergents, for example, a nonionic detergent, Triton X- 
10^ sodium dodecyl sulfate ^ 

may disrupt ceil membranes and aid in the removal of 
cellular debris from tissue . However, steps should be 
■ taken to eliminate any residual detergent levels in the 
tissue m avoid interference? with the later 

repopulat ing of . the ; ; tissue' matrix • with viable ; cells • .' : - : 

: The decellular i za t i on of the transplant tissue 
is preferably accomplished by the administration of a 
: ^ solution effective to lyse native cells ih : the tr^ 

•.^ : ; V: : : . .': '. • tissue . : . : : ; Pref erc^ly , . : the solution inay 'bewail aqueous : : : 
: : ;': hypo t qni c •;. or • low ionic .strength solution f onnulat^d tb ' ; 
^ t issue cells . Such soi: 

i : .:::a^ buffer • Preferably the aqueous ' : 7" 

a ;^ : ^ lysis. : Additives such as inetal 

• : . ^>.c^ ; ;Chel^tprs ,y : ; f or-exanple 'l;:! 
2S r ) et^^ttt^ acid (EDTA) , cf^t^ ah 

:,: $rqyi$±^ sub-optimal conditions for proteases such as 
• c 011 ^^, may assist in protecting the tissue matrix " 
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from degradation during the lysis step. Particularly, 
suboptima! conditions for proteases may be achieved by 
formulating the hypotonic lysis solution to eliminate or 
limit the amount of calcium and zinc ions available in 
solution. Many proteases are active in the presence of 
calciimi and zinc ions and lose much of their activity in 
calcium and zinc ion free environments . 

Preferably, the hypotonic lysis solution will 
prepared selecting conditions of pH;, reduced 
availability of^calciim and presence of metal 
ion chelators and the use of proteolytic inhibitors : 
specific f or col i^gienase ,.- such as fix-anticollagenas^ : , such 
that ^ the native cells 

while prptec ting the underlying t issue matrix frbm : : . i: 
adverse ^proteolytic degradation. For exaimple a hypotonic 

; L pHv;5 : ^ ciicium and 

zi^c: .ions^;^ 

: : : i = '^f^^^p^Xyi control ■ of the v te^ej^txire tiie : : . , : 
parameters T during j t^he treatment ■ ■ of the tissue ; matrix wi th ; . : 
the hypbtohic ; lysis s^ also be enployed to 

: . limit:': :"the • : ac t ivity :*Qf ; ; v prbt eases v" : : i • 

: ; It is preferred that the decellularization 
treatiaeht of : : t generation 

subs t ant ial ly - non imnnjuabgehic , : ■ ! partial enzymatic 
degradation of collagen may lead to heightened : 
immunogehicity. : Accordingly , a preferable step of this 
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process includes treatment of the tissue with enzymes, 
such as nucleases , effective to inhibit cellular 
metabolism, protein production and cell division without 
degrading the underlying collagen matrix. Nucleases that 
can be used for digestion of native cell:; DNA and RNA 
include both exonucleases and endonucl eases •;• • • A wide 
variety of which are suitable for use in to 
process and axe commercially ^ available^ For exanple, 
exonucleases that effectively 

include ; DNAkse ; I (SIGMA Chemi cal Company , St v Louis , MD : ) 
and RNAase A A SIGMA Chemi cal Campahy> S t ; Louis ; : MD ; ) ■ and 
endonuclease?s : that; effectively inhibit v celO^ar act ivi ty ; 
include EcoR I ( s IGMA Chemical Cpnpmy ; ; : S t • Louis , MO; ) : 
and ?incl £1^ 

;: : It is preferable that the select ed nucleases 
are ; allied in a physiological buffer solute 
' contaiiis ipris wki Qh are optimal for toe act iyity of the 
nuclease/ suto 

It is also .preferred^t^ the 
buffered s olu t ion , : : the treatment tempera tji re : arid ; [t he ;; 
length; of 

level of : effective nuclease activity ^ 
preferably hypotonic, to promote access of the nucleases 
to ■ the cell interiors . ■ v For t ireiatmeht of endogenous : : v- 
endo t hel ial eel Is o f non - human heart valve t issu£ , 
particularly: valves of porcine; or bovine origin the 
tissue is preferably treated with a physiologically - 
buf f ered medi^ comprised of ^ nucleases pwaaap : T: aVtH 
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RNAase A. Preferably, the nuclease degradation solution: 
contains about 0.1 jig/ml to 5 0 pg/ml , preferably 10 
jig/ml> of : the ; hiic^ to 10 

• jig/ml, preferably 1.0 jig/ml; of RNAase A . The tissue may : 
: 5 : : be decellularized by application of the foregoing: at a 

temperature of about - 20°C to 38 °C # preferably ; ; at v; about ; ; ; 
; : . : '.-. : ; 'v 3.7 P C for about 30 mirm 

' v •" time the gimerat ion of hew iinn^iholc^ica^ : : s it e s. : . : as a v. ; : v. : . : ; 
result of collagen : deg^c^tion is limited. 

10 : :V : ; V p : V; ; ; Other ; enzymatic; diges tions may ; be V; sui table : - : f or . ; : T 

::V:':":V:^ 

. :V: :;f UnCtiqh- : . Of . natlVe : Cells ^in^Y: t Spjant : t jSSlie :Vjjay :be: 

: -v ..used . . For example , phospholipase , partictxlariy 

^ospholi A or C , in a buffered solution, may. be v 

15 : used to i n h i bit cellular function by disrapting cellular 

jiV: ^ of ■ endbg^bus :vc^lljs : : Pr ef ^irably / ^ t he; ^ enzyme:^ 

employed should not ^ 
••.tissue matrix ; protein TO 
;VA;.v.'..'v : also. :: .be.. s elected with respect ; 1 6 1 hh i bit ion of -cellular iv : 
20 inte 

with cellular .protein- product ion i The pH :V of \ the V; vehi cle ,- : • . 
; ; ; : : as ■. well as : the compos it ion ; of; ; the : ; vehicle >; : ; will ;al so be ; : : : : : : 
V: . : : - ad j us ted v : with : ; V resrpectW t p ; ; the " ; : pH-v : ac t ivi ty profile bf " : ="' the • ;Y : : . 

:VV : V:V: : :^ 

.l : 25:. : ^ to the tissue Should be : 

: adjusted in order to. .optimize : enzymatic activity -i . • 

Subsequent to the chosen decellularization 
* ■ t reatment , . the resultant : trarispiant '^t issite : : matrix: ■ is: • - - -v- 
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washed to assure removal of cell debris which may include 
cellular protein, cellular lipids , and cellular nucleic 
acid, as well as any extracellular debris such as v 
: extracellular soluble proteins, lipids and proteoglycans. 
-' : .-:; 5 .:-:-- Removal of this cellular and extracellular debris reduces 

the likelihood of the transplant tissue matrix eliciting 
an adverse- m recipient upon 

ixnplantv For exair^plev the tissue may be incubated in a 
balanced salt solution such as Hanks ' Balanced Sailt ::: 
. ■ Solution v(HBSS^ the b^^ced salt : 

y '.' ; V;S plutiqn • wash : ;v ; V:¥^d: : the;; conditions- under which it ■ is • ; : : 
" : ;^roi;i^-.; ; to; the transplant tissue matrix iiay be selected 
• : ■ - : ; ■ .- to ; diniirji sh :• or v eliminate : ■■ the v activity : ■ of ; v : tie|A : nuciiease : ■ ot!-ll • ' 

: otll ® r eilz y m ? utilized otoi^ 
• v .'• :'. • process, v ;. = : : ; Such ; a ; balanced : • sal t : wash - s olut ion woul d : ^ y : 

v : : : :; :: : :v: - pref eh^bly , : : not ^contain maghes itim. : ; : :Or . •• calcitmiv : sai t s ; • *n4 
: : ; : : the washing process may include incubation at • a vyy 
■ . ; tenqperature of between abc^t 2 °C ai^ with 4 °C most 

. ■ • • v ;':ipr.€lf etiabl'e . : • ; : The : transplant tissue matrix; may be 

■'^ 2 - iJaqobat ed ; in ; the balanced salt wash; solution f or up to 10; 

■ ;'• : : : t °- ; • : $*Y S * ■ ■■ w * th : . chan ges /ih^Wkito^s^ 

■ ■ . ■ ; ■■ 0 ^. : -V:?- : -v?:?-®- **** n1 r y or . :av - cq^inatibh . thereof , may be:-: included •' ■ • 

y the baJL^ced sal. t wash solution to protect ; : the; ::; '; 
■ : : : . ; : * : : ^ : :: : ^ ■ ; "; V: ^ :*: V I i. :tirsLxispia2it: ■ : : t; xs sue ; ma txisc : ■ f rpm : c ozitiEUiL±3^t: a v v : / 1 : . ; "* ; : * ; 1 ; ; . ; ? : ^ : A : ! : : : : v ^ ^ ^ = j\ 

^ e^ironmental; pathogens .: 
. Ttoere : the tissue • being 'prepared 1 ;- 

. : : transplantation;^ the ; process of this invention is skin, • • 
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the decellularized tissue matrix may be utilized without 
the subsequent steps of in vitro cellular repopulat ion. 
The decellularized and substantially non- immunogenic 
tissue matrix/ is suitable, for implant into a recipient. 
5:. The reduced imrnunbgenicity of the skin tissue- matrix Will 

increase the tolerance of the trahsplan : , 
: recipient's immune ' '3y3t^p:-;.:^B\ : ±^lkoit may then be 

repopulat ed in vivo by -the :: : iinplaht recipient 's own cells. 
Prior to ■ use as a skin; ^ matrix may be^- ; : 

jrecipient' s own skin cells: For instance; the natrix may 
: : ; be • ; : t reated ; . wi th • adhesion fact ors or : ' : growth 1 fac tors '■, ' Such;" 
as kera t inoc tye growth factor , or both , to enhance the 
- . : .-'infusion "■ of v kerat inbcytes ^ v • V 
•15 : v. : . :: .v."'- The : t is sue; ma t r ix : prepared in accordance with 

•'•; ;^lie ' "'above ' : is ifree pf :;':its ■ native:: : ceik&y^'apA ■ addi t i dually ;; ; ; 
: ■'■ cellular and : extra- cellular ; antigen components have : been = 
: ; : : ; : ; washed out o f ; the : t is sue : : ma t r ix> Pre f erably the t: i ssue • 
matrix has be^en ; t reated in^ a ^ 1 inti t s : ; • t he- ■ v : 

•2 (>•;;;. • • •• -generation- of new- immunbi bgi cal s i t e^ . in the collagen • 
:; '.;v- :: matrix. . : The; t is suie ma t r ix ;;;;. however ; retains -." the /." 
x : essential: biomechMica^ 
.:;V.;:framework'for;;fu^ 

The tissue . ^trix processied according to this 
? 5 ;;• •:'•;;' * : invent ion • may . be v ; c ry qpres eryed v ; f or • later ; iis£. ■■■■■■] 

]. Gry opr es e rvat i on of d^c^lluiar i zed transplant tissue • 
would assure a supply br^y^ 
iin^ 
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ready for further treatment according to the subsequent 
steps of this invention, or further processed as desired 
to provide an implant tissue product. For example, 
tissue matrices may be inventoried until such ti me as the 
5 . ; . particular cells to be employed during repopulation are 
identified. This may be of particular utility when the 
tissue matrix is to be repopulated with cells derived 
from the recipient or other cells selected for use based 
on their immunological compatibility with a specific. ^ 
■ 10 • recipients ; : • : ; - V-";: : 

t is sue Taay be cry opres erved prior to undergoing any' 'of ': :y 
the processes of this invention . Tissues which .are hot \; : 
decellularized retain their native cells in conjunction 
15 with the collagenous tissue: na Upon thawing these ; 

.: tissu^? ^ 

cryopreservation of : . intact y-.transplant tissue may also aid 
, in the depopulation of - the tissue as a result . of •cellular 1 

■V'. -d^ 

20; • .;V-:'.': : ^ •• : Techniques 6fw cryopreservation: of : tissue^are; : >-- 

:;'Zwellv : :known- in the.;: art ^ Brbd]^ahk> KvG .M. Basic • 
"•■ : Principles of Viable Tissue^ Preservation , : '-. 
1: Transplantation - Techniques and Us 

. Al locrraf t • Cardiac : Va Ives and Vasular Tissiie . . D. R Clarke : : 
25 i (edw ) i Adains Publishing Ltd. , Boston; pp 9-23, 

; /: discusses cryp^reservatio^ -organs : and ;:: is: : ;:, : ';: 

hereby incorporated by reference v 
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The tissue matrix, whether or not having been 
cryopreserved, may be next treated to enhance the 
adhesion and inward migration of the allogeneic or 
autologous cells, In vitro, which will be used to 
; :. : 5 . : ■.. repopulate : ; the transplant t issue . 

Cell Adhesion 

• : Mle : vnot wishing to be bound by theory, there 
:': are several factors believed : to effect the attachment of ; 
. ' ceils: to tissue . : For example,: the adherence of : 
.10:.:: f ^robias ts to tissue surfaces involves interactions : • 
betweenv:theV::'cell: membrane and ext raceliular : : matrix ; v : ; 
.. components ; : p f na t ive . tissue sudh as fibrillar • -and-' stee t - ; : " ' ' 
• ''. /' f prmihg . collagen, proteoglycans , and ..glycoproteins. In 
: vitro, ; deinnal : fibroblasts cultured without serum attach : 
- l rapidly and equal ly to; types : 1 and -IV • Collagen ; : ' The 
.. . extent :: of attachment is increased : by- the - addition- of . 
• : ■' : s ejrum (human or ■. f e t al . -bovine ., " iha^cimal binding : wi th • 1% .-. 
'■^s&pim)^ : and by purified f ibr one c t in t o : t he cul tur e ; medium 
• Each: : of : : ; t he : : ; t wo : homol qgous subuhi t s. , of v f ibrone c t ixi-; : has : : ; ■• 
: ;'.:v::/:'20; ; '; ; ■ two; cell: : : re ^cognition regions > t]ie;most^^ 

: has the Arg-Gl^ ( RGD) . sequence; ;A second s it e/; ^ 

:: . ^binding, glycosaminoglycans ,.. acts synergistically • and : ; 
. appears to stabilize the f ibrohectin^iiell interactions 
•• ' : mediated ^y the RGD sequence .; H^arin; sul f at ev along , with . ;. ; 
: . ' ; 2 5 ■ : • : . : chqndrp i t ih : j sui fate are ■ the ■ two. ; glyc bsa^nbgl yeans . : : 

: identified on .cell surfaces . Heparin sulfate is linked 
, to. core proteins ( syndecan or jiyalur one c t in ) wtii ch can 
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either be integral or membrane spanning- Cellular 
binding sites for extracellular matrix glycoproteins are 
: called integrins and these mediate tight binding of cells 

to the adhesion factors. Each adhesion factor appears to 
5- have a specialized integr in although a single integrin 

: may bind to; several extracellular matrix factors. 
... Fibroblasts 1 , whenv adherent tb ; intact f ibronectin ( cell : 
and heparin -binding domains ) display a contracted 
morphology wi t h f ocal adhes ibhis • Without -the heparin . 
10-; ^; : ; • ; b 

: develop ; f OCalV; adheSi6hS . ■ ■ 

Thuis ; ; a combination: of factors yma^ detemine. 
the rate at which cells can bind to a . tissue :: siirf ace . 
. Many of • these are ; f ibrbblast products ; although s ome 1 ike 
15 : :::: :::::: : : f ibronectin may be deriv^ 

:; : :v': : ::: ; : '. well . The: rate a^ these f actors are :^^ 

. v ; secreted . by : cellis : will^ thie attabhinent of cells to 

surfaces , ; arid cytokines such as f ibrbblas t grown h factor 
and t r axis f prming growth f ac tor are positive regulators . 
; ';20 ; ; ;;: V;;^: : ;f"-:::":::"::: : of i fibroblast : coliagen and : f ibronectin product ion- 

■ ; : " It is V;^^ attachment of 

cells to the tissue inatrix iis promoted : by: the interaction 
between the: Vcell ; m ^d - extracellxiiar components : : 

ass ociat ed ; wi tft ; ; ; t;^ • : corr espohdirig : ; implant ; t is sue ; ; ; 
• : 25;v. ••y; : . : ;: - Accordingly , f or a given cell type , and ; tissue type 

chosen for use ; appropriate treamehts which promote .. 
cellular a 1 1 achmetn t ; : t p the de eel liil iar i zed ; t i s sue. matrix: . 
includey treatment; with extracellular tissue : c 
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and, particularly, extracellular proteins, such as 
glycoproteins and/or proteoglycans or glycosaminoglycans 
. which are effective to promote, attachment of cells to the 
decellularized tissue matrix. Accordingly, a preferred 
: \ 5 /" technique for repopulating the t issue matrix with cells : " : 

is carried : out : by first treating the decellularized 

. tissue matrix with cellular attachment factor effective 
. ■. -fP. P^^npte : t^e : attachment- of the repopulating cells ' to : .;V : :: : -' 
the decellularized matrix. 
1;Q - - ; : .For example, the de eel lular i z ed t is sue matrix 

may : be : incuba t ed :': • in : : nu t r i en t solution V; containing; 
• ext r^'celiul ar. matrix • pr pt e in : such as f ibrbheictin : and a ■• - ■ - 
: : : : - : : v-': : Sly c °sa[^npgiy can f or a period effective for binding - of: 
•••y- .'the : fibronectin : : . : .to.. : . surf aces of: 'the : .;trcu^plant Vt issue-:-- 
: . : : 15' - • . . : : mat r ix. t o : : 'r^popuiat ed . . - Preferred buffers for use with ' 

: , phosphate / glycerin/bovine : S albumin: ' " ( Petal; Bdvih^ 

: ; ■.V^-' : -v' : : : -'r 

\:py."2 .^®d^ni X i?MI^)' : : ;' f GIBCO ) i ' ^These. buf f ers : ..typically ; : are used .A : : . . 

2:^ ::]: 2: : : y^2' : :\y :: i: : . provide . a physio acceptable pH of abouty ^ 

>.:: 7: - ^ v L : :. :Tl1 ® presence : of : : the ext racel lular : mat ri^ : p 

estabiish:;a surface on the tissue matrix to which; ■tte ::: ^ :, ^i; : ^ :>: ^: : ^'^ : :^^ :: : :; ^ 

• • V-W ;-V :: :V- /apt^qlj^ extracelluiar: matrix;: protein ; \ 

.•:::.::.;. .25' ,pr6mOteS .^C^ 

':■ ,^ey ; p^ ; 

molecular form of f ii>ronectin : ; : 
; (Hum^ Plasma. Fib inc. ) v - ■■■^■y- 
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This heterofunctional glycoprotein has affinity for 
extracellular matrix proteins, proteoglycans, and certain 
cell types. The fibronectin treatment solution 
preferably also contains a proteoglycan which may be 
5 which may be one of: the gly cos aminogly cans heparin, 

heparin sulfate , ;chondroitin , chondroitin sulfate, ■. :v 
dermatii,- or ; dennatin sulfate. It is believed that.- the : : 
glycosamihbglycan promotes and stabilizes the binding ; 
between fibronectin and the tissue matrix associated 
: ' :'::-:. 10 ::: collagen. The; :matrix advantageously is: capable of 

v : ^ : interkcti^ 

; y - cross- lihk^^V . ■ • • - • ■ . 

"v. A source of fibronectin .is v. from human blood, : " : -. ::: : .. :: .v 
V: proces sed : to ■ : limit • • contamination : : wi th virus . The ■ ' 
:15 ;- :: . : pref erred glycosjaminogiycan is heparin . The 

: : : . ^concehtrat-ionfi-df : : i glycbprote ih : = used'- . as - -the : adhesion : f actor; . " 
to t r eat : the tissue i^t rix . may : xange f ram about 1 to ; ". 
^butl : \10.b^ ; ;pg-/ihi ; > with a fibronectin concentration of .10 v-^y/y." 
•• : : jig/ ml y being y pre f erred, y ■■ y '■■ The ; preferred ■ weight - ratio ■ of ■ 
:::':';;:'::;'::,-::':::::: : :' ; : 20 : ; :';:'-:- : : :: : ; : ;f ibrbnec^ 

optimal f or : repopulation of porcine heart: v^ 

but. may range y f r bm about 6 . 1:1 : to about 10 : 0 .1 depending, y 

]: : on the t is sue us; ed . ' .• : y : .y y :: : . . 

• '.25:':; i>ref e^ of the nutrient 

;.:::v:splution : ;:conti^ fac tors • are •sel^cted. ; /:-.rv"^;-:-;'T- 

. such that the solution is con^atible with growth factors 
which are latiar ;: adcted to the nutrient medium that - the 
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transplant tissue matrix is incubating in. These growth 
• : -factors are employed to facilitate cell growth- and 
repopulation of the. tissue matrix. ; 

: ii Ceil Repopulation ": 
5 'V;.; An i^prtant ; aspect of this invention is; that ; ; 

the : decellularized transplant tissue matrix:: may be;^ • v 
repqpulat ed with cells in vitro . The c el l^.' : : : : eir^l6y eld' tier : . : : . . 

^^-.^J^v.-A culti^ed;::f rimv.the* same species as ; the Intended ; 
: ::: 10. .': inrplaht recipient / or may . be autologous cells cultured : 

from the in^l^t: recipient . In either case';.'. : the ■■ v'- ■ ■ • 
• ;: '' ; ::": : :autol ogous . or allogeneic : cells • in the repopulated : tisisue V. 
•v. v. ma t r ix ; : -v : khown; : : as. a heterograf t or chimeric graft .will 
. : ; : : :.elicit ::: 1 es s of : . : an advers e : immune re sponse : thai .ah-. : : ; : ' : V::.v/ ; :: : - :: : ; .' 
;": : I5" : : : /.^linpirpcessed /xenogeneic tissueCv-'C 

V:V:VI t : i s y.-alk o envisioned that ; palls employed : to : ; V; 
V;\\:J\ : . repopulat e . the decellularized -matrix^ may be /cells." that . : VrA.V"""-V : ' 

7-V. : . : . : ^ 

production of spec i f ie proteins Numerous recombinant : . : : ; : ;.; V v 
. 20 DNA technologies^ the art for altering, 

: enlianc ihg / ; and ^ modi f ying ceil .met abol ism.: • 

; Repopuia t ibii • may ; be accompl ished ; by ; inciibia tiiig ; 

::A"::':':^ 

/ nutrient . medium v cbhtainihg the cells and growth f actors -V : V:V VV: 

. A-^-.-.-'.. 25 . : .Vv^:""''active v :;to promote : c^ ,yV j:^.^:^^^-^^ 
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• A variety of substances may be employed to 
. enhance cell chemotaxis, increasing the rate of 

directional movement along a concentration gradient of 
the substance in solution. With respect to fibroblast ^ 
5 cells , fibroblast growth factory: platelet -derived 

■ ■ : : ! i : : : : ; : : ! : : factor t t rahs forming growth : ; f act or - S f : : cLnd : the ;substrate- 
a molecules , fibrillar cbliagens, collagen v : . ■ ;: . : ^ : :; : .v : 

V : . : v f ragments , and. f ibronectin ;are chempt ac t i c f or : y. : . : 
fibroblasts- In : contrast to cell adhesipn/^ 
: : emigration requi^ 

: synthe sis in norma 1 f ibroblas t i c cells i s s t imuXated : by 

: adheS XOTL : : Of Cell S: : t O : : f iir OlieC t ill, :::S O the pTOCeS SeS:: : Of : 

•••V cell adhesion;. and cell migrat ion during ^ re ion are . : 

believed to be interrelated i 

: 15 : v^ : . : v^ 

;J;::ttopugh:: the t is sue : :matrix:i ;r epppiilaLt ing : T;int e r ipr ; : ; : : : r;";V; -V:'; 

^.transplant matrix; : 

: : . ; The number '■} of ; ; ; c ell s ; : required to '■; ful ly : : : 
20^^^: ;; : ^ depopulate: particular transplant tissue matrices depen^^ ; 
::;:::;;:;;;; v ;;upon : the ; volume ^o 

TV:" provided ; : ; • However / : .'. concentrations: : of 2b> 000; tp; 125> 000 • 
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Cell Proliferation 

The steps of cellular repopulation of the 
tissue matrix preferably are conducted in the presence of 
growth factors effective to promote proliferation of the 
5 cultured cells employed to repopulate the matrix. For 

example , . when f ibrohlas t cells are employed, a growth - •• • 
factor for use herein may be fibroblast growth factor 
(FGF), most preferably basic fibroblast growth factor 
(bFGF) (Human Recombinant bFGF UPSTATE Biotechnology, 

. ':'::: V r : ';' : ::.'; V'-' - ' 10 y . ' ■ . InC - ) . ". : •:' :■ yy': "■■ ' - y}y.. ' yyyr: . \ .' : , .. - • , ' 'y y.. /V : ;" \ " ;: ' ' 'y^ : 

. . • The f ibroblast grbwth : f actors : : (heparin -binding) 
... are a family of mitogens ac t ive oh ; mesenchymal cells - ; - 
\\V FGFs . are not detected free in cbndit ioned : mediuih , . instead : .y. 
- the FGFs are found; ihythe ex^^ 

associationVwi^ 
: : f ibronec tin - heparin • 1 ayer . pf ebound \ to ; the t ranspl ant: : : : • 
•/ tissue ..matrix 1 ... The glycosainihoglycans stabilize -'. FGF: Y"Y ; "' : 'y::'y:^f : :: : ::::y:\y::: 
activity and are required, for FGF .binding to cell surface : : 
re ceptprs - y where = they : ; stimulate : . : autocrine /paracrine 

i::;;:- -yy'-' \ ! ' ! : ' : 2 0" \ : ; " ' ' :- OfrOWth .. Vi : ' V"' ' " " " ' ' i V: ; : I : ! - : Y"V i : ::: \y: :: ; yyy\yyr 

: The : matrix and cells are preferably exposed to : r 
bFGF : : c on t inuousl: y : .during the : r epbpula t: i on ; s tep to provide ; ; ; : ; 
;: : f br : ' : : stimulatioh of .: cell replication and - expression of ; 
collagen protein synthesis , as ; retired, for normal valve 
; : ' : '-2S^ --' f uhct ion . Cul fcure t imes of : the v ma t r ix .with . growth f actor- 

.range from 10 to 21 days . The: ; cbncehtra of -growth : :1; 
• factor used to treat the tissue matrix may 
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ng/ml to 10 ng/ml with a growth factor concentration for 
bFGF of 2.5 ng/ml being preferred. 

When fibroblasts are used as the graft - 
repppulating cells the culture medium may include ... 
. .5 . Dulbecco ' s Modified Eagle Medium (GIBCO) with 5-15% added 

serum. Autologous recipient serum is preferred .but 
experience with ; implantation of allograf t heart valves 
suggests that bovine : serum may be utilized in the growth 
m^ium ...without ; adverse immunologic consequences to the ; 
10 implant recipleht . Continual . stimulation of : . the ;: cells : ; 

with serum and medium conditioned by the repopulating 
• : cells may provoke : ; a ■ more: rapid c ellular repppula t ion '■}. of , '■';} ■ 
. : . the.: ti matrix ; : I^e matrix, cells and: growth f actors 
may be incubated in a humidified atmosphere at ; 37°C ■■■■ 
. if ■ - v ; v : • ;• prpyid(^i ; with : a. 95% air : and 5% CO^' mixture: : V 

:. : :: tissue matron is ' cultured for a- :r ; - 

: time sufficient; to produce ;arepopulatedy; graft with; : . : : 
';V: in t ers .£ x t ial : his t ol ogy ; similar •', t p that of frelsh • : tis sue • ; : :V.V- 
•'•2'0'. ; : :: /. : ; : : v : : vupp^ cpnp 

■'■} ti^^u^ : wi 1 1 • a.1 s 6 pr e f erably dispi ay metabolic p>azam£ t ers. ; v 
■ s imil ar * : to thps e of fresh tis sue ■ 



Cellular viability 

•:. '; ito V; in^br tant • aspect of : this ^ 
25 ; . • the repopulated transplant tissues are functioning ; and . 

vieu^le prior to: implantation in addition to being 

. ■ v . . . .. v ' 26 ■ .V/ --.' , '.' " . ' 
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immunologically acceptable to. the implant recipient or 
substantially non- immunogenic. Various assays exist to 
measure cellular activity and application of these assays 
to the implant tissues of this process provide : a method 
of monitoring and quantifying the viability of the cells 
which repopulate the implant tissue .: 

It : is preferable that an assay be. selected that 
measures a cellular activity which beaxs a relation to 
: ; ; the : : intended f unction o f V : the ;: t ranspl ant t is sue v : : ; :For.;:- : " 

: example,; the production of collagen is important in 
: maintaining: a^^:f^ In heart : valve 

.leaflets 5 to 15% of the total: proteih^ p 
^zbllagen. Of that at least 75% will be type I collagen. 
..' Therefore in. assaying a repopulated heart : valve;, it is :: : : 
\ preierahle :to assay:::for total: collagen produced by the 
• :: r.:' ;": depopulating cells : :: ;as 'Van accurate me Jo£ ; cellular 
: viability. /Assaying for cellular activity; by : measuring 
• • ' ; c ol 1 agen production, are: well tapwn . in y.th^ art . ; Examples . .. 

::: : :Metab0iiSm;.:. : Meth 

:.v-".. Hayashi , . T . and Nagai , Yi. 1979 w . Sepaxatl .the a . ' : • 

.V v Chains of Type ' I '■ ]and lil : Cdilagens . by SDSrrpol yacryiamlde :■ . 

v."' : v : ^ : . 25-: • and are hereby • incorporated by r ef erehce . 

O ther as says that" caii measure ; cell yi^bil i ty ; • 
-..:V -Y: " " are . envisioned' £or :use ih -thiis:: iirveriiitibri. Total s protein •. 

synthesis as measured by the. incbrp prat ion of [-fi] proline 
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is one such assay. Additional assays which may be useful 
in measuring cellular viability include assays for : the 
metabolization of. glucose and a variety of assays 
directed . toward- mitochondrial 1 activity . : : * 

: : It is envisioned that any assay that' . : 
quantifiably measures a ce llular f unc t i on ; indi cat i ve of ; ; 
viable 1 cells may. be -.used. \:.'.-.'. : . : . : .'...'.v 



.. . Dif f erentiated ;: Funct ions : : • : . 

Fibroblast cells: are responsible for the 
10 : production: of most connective tissue coimponent They 

synthesize different collagen types; and the phenotype 
... . ". appears : ..t p : :: : be '-'\-ij^osed;:'-by.; : : s pe cif ic t issue eiivi rohmerits ■ 
.- i • e - i, cultured f ibroblasts synthesize collagen types 
according to their site of origin, fibroblasts also 
: 15 ; J : : : . ;:' : produce :Various V g iy cosaniinogly bkni? ^dtt^Z&tonectih axxd ¥ 
^■••i--"""-" growth; f ac t prs . \y It/is ; the adDil i ty • of dermal f ibroblaistsv : v 
'.v.L to synthesize types I, III > and ; V : cpllagens in the 
. . • proportion present in the matrix of the heart valve 
leaf let whi ch : ; makes them appropriate cells -for 
2 P : : repbpula t ing ; the transplant: tissue : mat ripe f orming : : the 

: hybrid : graf t ; ; des cribed V he ireih . : : 

v.. The cells the';. 
: particular graf t can be va.ried wi thih wide ; 1 imi t s , . and v 
• • dif ferent; types- of ; cell s can be .used in different ; 

;:2;5 ; :.-:;.::;:^::^ 
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augmented, this allergic sensitivity of the recipient in 
addition to other factors. 

A preferred embodiment of the invention uses 
autologous cells in the process described herein. A 
5 . tissue sainple: is taken from the recipient prior to 

transplant or ; implant surgery . ; The tissue is treated, in ^ 
- accordance with the methods, described, herein below, to : 
produce fibroblasts or other cells which are then used to 
:repopulate the allogeneic or xohogeheic tissue matrix> ih : ; 

10- ••• v v. : v . Accordance with this process^ : ^Byrep6pu^^ 

: : : ; : v : : : L : : ; ; ; : : pxrevrx oiis iy ; prepax-ed ^ de g ei ixiiarrx zed :L ^d treated transplMt^^^^::/^;^^^^^^^^^^ : 

: : V V . : : : : : : : t XS SAi© mSLt. OETi^C : : W± fctl V: C= ©lis : Cl^3triv^ci : : ^ t tlSSUe Iv - : \ 

taken - from the recipient the 1 ikel ihood of ah adverse 
immune system response and ult irately graft rejection can 
15:; : ; ; be minimized .. or civoided . ^ ..i 

^TTie^'cell' source can ;:be ; selected th£ . 

. ' tissue . to be transplant ed : For .example , :/ : i : f a blood •'• 
vessel ;is'•:'to. ; •be^•transplanted, cells can be taken f rt>m a 
recipient's healthy blood vessel and used as .the \ source 
-20 ■•\)- cells : for: graf t . repopuiat ion In ;: :this fashion; . the : ; " : 

-healthy;- graft: cair be ; ve^y ■ closely matched: to the 
■ V;'.'. recipient ' : s diseased tissue v : 

.. this aspect . of :.the invention . is>:part : icuiarly ■ 
useful when the tr^splant recipient vis highiyv a 
2 ^ ^ immunogenic,, such as with 

Alternatively , allogeneic : cell 1 ines : which are 
not likely tp caus^ immune response upon v : 
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implant may be used to repopulate the tissue matrix. 
Cells with no more than a weak or tolerable allergic 
response may be used to repopulate the tissue matrix to . 
provide a substantially non- immunogenic implant. These •. 
5 cells may be; naturally weakly immunogenic or be designed 

: .: by vi r t ue : of • rec ombinan t cell technology to be weakly: 
immunogenic . -\ • 



• : ' Method for • Isola ting ^Fibroblasts ■ 

: The tissue used t the; f ibroblkst ; ; ce.ll . --y^:: 

10:. : : : M thigh , or back) or 

; vv: ; : : ..' : : .' : ." : : : ;^ 

. v .•: tp : : :a :: processor . :: inL' buff ered The tissue 

is cut. into dissection 
• ; technique. - Groups - p then placed in. 3 5 : ; mm =::..:: 

'■■ : iil$' : ^-y tissue :cultur^:dishes: : with : : a limiting amount of ^culture : . ^ 
. medium ( DMEM. pluis 10% f e tai bovine serum) : suf f i c ient • •. .to. . . ." 

one we ek a t 3 7 0 C ; in rhumidi f ied cul tur e incuba t or v in ; 

::::;::••'; : .•:'. : :; : ;:- : 5 % . : C0 2 : atmosphere; in; : : air : :: .; ; . After ; : one: : week :V6f incubation',' : 
■■■■^■^ a • • dens e ; ; : outgrowth ; ; : ; : ; 

.:. a f • f ibr oblas t s * Epi thel ial cells My also be; presentv-but" -::■= 
••• are. 1 os t during : ; : subs equeht. cell cul turing . . :The:. : -V 

fibroblasts arb r^ 
■ r: af ter'vrins 

. v v25 : J: ; . . " sterile buf fered s^ and placed J in , larger cell : : • 

culture vessels with fresh culture medium. The cell 
cul tur es . can be expanded in this manner- . : : The ; 'contents of: 
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one flask can be divided and placed into three : larger 
vessels/ and this process can be repeated about once a : V~- V 
week. ; : .Gells .recovered from these flasks are used as the 
0 : source of repopulating cells . Cells /obtained in this ; : 
5 msL ^ 

;v lines/ because most cell lines ; are pheno typically altered 
and are no longer r espphs ive in a normal nianner .t o • growth 
zregn-il a. t o ars (such as bFGF) . Additionally, most 
commercially available cell lines do not produce natural 
10: . amounts and proportions of in^ortanit . protiein products 

(such as collagen) . 

A preferred embodiment of the invention 
• : .ehcdnpas s es; va ; ;;xenogra£t ;. : . : .t r 6 a t ed t o. ; remove* :: nat ive cei Is • •• • • 
^cuid soluble proteins , the condi t ions : v ar e . chos en t p : be ■ : r 
15 . -: non-tokic to. cells; used to repopulate the xenograft- gnri : Vv,v'"" :::: ";"V;, ::: " 

chosen to render- the: final xenograft tissue matrix 
biomechMicaiiy sound a The depopulated 

: : : xenograft tissue macrix then treated with extracel- 
. lular matrix glycoprotein factor, and v g ly cbsaminogly can . v : 

glycosaminoglyca^^ exogenous . cells that . 

adhere to the graft • ^hese exogenous migrate;' into; 

; : the graft prblif era te within : the^^g and. express : v : 

ess eht ial-.v.prbteins. ; : and : : other V:facto.riS;: : .ct 
: -; ' • • 25 ' f iinction of the graft.;?' The repopulated xenograft : is. , 

. rendered biologically functional by the repbpulatihg 
cells and displays reduced or minimal immunogenicity .as : 
compared to either untfe^tied xenograft or chendcal^ 
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fixed xenograft. The reduced antigenicity is a 
consequence of the removal of xenoantigens or 
alloantigens during the initial : depopulation of the 
tissue, and by the presence of repopulating. cells which 
S-:.;. are . not recognized as foreign 1 by the recipient . These . 

chimeric: grafts should also display a reduced tendency ■ 
fbrbalcification because cell debris / which forms either 
: • : : as the r esul t of cell death during pr o cur eraeht of : t is sue ; 
. br during the dedellularization of the tissue; is removed 
l'6; : v.;. : ''v : V ; by : the - washing regimen. Because these chimeric .grafts 

•v^- retain a : lining ; layer of ■ cell s as -''a; result . of the : above : . 
:: :: ;;described::procedure/;: tte 

fbnn should also; be is 'reb^ 
to mechanical structures, structures y" 
: :isv. : .vv\:.' : : ; v. ; . :: : : ';::A-bi61ogickl : ; molecules , and chemicallyr f ixed. bioprostheticy : 
y'A : :'• ■:■ ■: tissues^ "■■ ■•l^'vi v:;:; kit..-.: 
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EXAMPLES 

Example l. Depopulation of . porcine aortic valve 
leaflets , aortic conduit , and associated myocardium 
according to hypotonic lysis/nuclease digestion 
: 5:.;- • procedure. 

Pig hearts were obtained within two hburs of 
slaughter, in order .to limit the effects of uncontrolled 
cellular degradation on tissue structure , and returned to 
: : . the processing facility at 4 °C in a sterile i solution of . 

10 :::iy.y : :-::r-:.::y : DMEM . i : ; Aortic: heart : valves were excised: under sterile '■ 
ooiiditions > . -incubated':: in : ; ^tibiotic mixture for 16 hr at 
: 3 7 ° C . in nut r i en t medrum . in 5%: G0 2 atmosphere / arid : 
•. .y ' ' cry opre s e rved Ccbbiing rate - : - i°C/mih) ,±n: : :m^^ : y^ 

containing 10% «0 c^d bovine serum. ; y- : -/ After, v 

15;;-: : : \ storage at/- 179 the valves were^ : ..to rapidly at : : 

: 3 7f G. The leaf lets , : ■ aort i c condui t ; and myocardium were 
; cut . - f rom the ; : valve: and ;: diyidM ; portibhs : of • . each: tissue 
v-v^i.type Were either placed /directly into 10% vbuf f ered 

;f ormalin • ; f or. v 1 a t e r hist pi ogicvanaiys is : or weire - :; prbce^ s ed. 
2 P; : : : .v. ; . : v :: -.f Or. • depopulation.. .'After ■ washing : ; in lactated Rihgets-S % ' v ; 
^■^■';-^::' : 'y :. dextrose solution three times for 15 riiin each at. room 

: V, temperature , • t issues were incubated in • 18 MQ water for 2 
. . . . : hr : at room : temperature : /foil owed ■ by diges tion in- 1 0 : \i g /ml 
.. DNAase I and 1 p g /ml RNAas e A iii; : 10 Mm Tris -Cl>.; pH 7 . $, • ; - : 
containing 3 mM raaghesium m calcium salts ; at 37°C 

for 120 min. • 
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After lytic treatments, tissues were incubated 
for 8 days in DMEM-5% FBS. At this time, the treated 
tissues were fixed in formalin. All fixed tissues were 
mounted in paraffin, sectioned, and stained with 
5 hematoxylin and eosin to visualize cells. A 

representative: micrograph in Figure. 1 shows the pattern: 
of celiularity of a fresh aortic leaflet with an 
. . . V endo t he! ial layer on both the f ibrosa and vehtricularis 
• surfaces and fibroblast s throughout the full thickness of 
10 the tissue . ^Figures 2a and 2b show micrographs of 

;;;;;;- pulmonary : valve ;;conduit : ; and; myocardium,; ; : ^respectively 

: : : f ^f t e 3T ilepppiii^ t ibri wi tti ; s ^ etit: ±a.X ; ^.^pe^ira^ice ^ ' : 

;y ; ; y Exampi e 2 . v Repopula tion of depopulated . pqr cih£ ; : : abrt ic • .v.-. • 
. ;. ;. :: ;-^ fibroblasts ; : : 

•S: ZSr\^::^h : . : : ■': Ppr c:in£; ^aqirt ic leaflets we r e v recovered ^ and ; ' ; : V 

: ; depopulated as/de fined in EXAMPLE 1. ; Leaf lets : were . . • 
; : ; :: v. incubated; i 

* concent rat i on of 10 '• jig/ml along • wi th ng/ml "heparin for v'.v. : ; : . : : "" : :;: v 
: ; 20; : . ; ; : ; ; i6 :hr followed ; with addit human recd^ihant bFGF to ; 

- ; v;.;'- ';;;':;;^ ' : 

; ; he^^ 

: bovine dernal vf previously isolated by 

' s ta n dard : expiant culture techniques , were added to the .. _ 
' ):2S;: ; : : ::y,^,\ v heart /valve 2x10* cell/ml leaf letis and 

cells were incubated for 11 days. Following incubation, ; • ; 

valve sections were placed in formal for histologic • - 
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anal ysis. Figure 3a is a representative micrograph of a 
decellularized aortic leaflet. Figure 3b is a 
representative micrograph of a decellularized aortic 
leaflet treated with both f ibronectin and bFGF showing . 
5 repopulation with exogenous fibroblasts . ; : 



Example 3 . .-. : : , Biochendcal activity of fibroblasts in '■■ 
repopoxlated as compared to fresh and depopulated tissues. 

• Porcine aortic heatt : valve leaflets^ were 
depopulated ' as in EXAMPLE 1 ahdv repppula: ted with two 
: . 10 diff®* 61 ^ isolates : of sheep dermal fibroblasts according 
: to the : technique : in EXAMPLE 2 . After 10 days of 
repopulation, leaflets were moved to fresh vessels and : :-' 
: y: :::' :V v ' incubated, f or 48: :hr ; : 
. • : . containing gent amy c in-, and 5 0 : .'. jig/ml ascorbic acid, 50 • 

'i^^^V'^p-^;- V tig/ml £-airdhb£i^ •• Total prot eins synthes ized 

■ ="= f f^: .'(="-/■;>: Wezre. deternrined by ^ 

. : ; ; .'radioa c t i vity : r e cover ed : : from medium ; and-: : t i s sue"; • ext rac t s • • • 
:'7 V . :: :: ; made ^0 mM in N-^thyli^i4imide ; :25 • iriM in EDTA , : and 10 : mM ■: . 
. . 'in., pheny Ime t hy 1 sul f ony 1 : f lupride/ tp- pr^ent; Vproteibiysis * '." V 

with : Clpst^ 

.; ;: -v' • Protease activity to -def ine ;;the;;;collagen . content . ' As ; ;. . 
: : - 4 > v protein ^synthetic acti 

4e?o^lat ed:t issuers : . 

; v ; ■ ■ :y.. incorpora t ion which was '^synthesized', at the same rate as 

7^.. : .\ : y7" : - was determined^ in- fresh porcine tissue ; collagen . : .\ 
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represented 3.6% of the total protein synthesis, and most 
of ; this was secreted into the medium. These results 
• indicate that porcine leaflets rendered treated by the ^ ^ : . 
. depopulation procedures described in the preferred 
5 embodiment of the invent ion display no protein synthetic; ;;: 

; capacity in ; general and no: collagen synthesis in 
.. . .particular. The successful application of repopulatipnV: ^ 

• procedures is indi cat ed by the ability to. impart the : : : : : : v 
: cellular; function of prbtein synthesis to the /depopulated;.-; vH; v . 
: - v 10-. j leaflet by the provision of exogenous fibroblasts durih^vv^^^^ ; ; 

the ;repbpuiation; procedure. : . 



Example 1 4 . Demons t rat ion-'of -rpdnp^ himnnil..: 

respbns e to depopulated porcine leaflet- ^trabt^ : : ihject 
' " ' in • • rabbi ts v : : . : . ; i r v.- . ; ." " : '. ;; .Uv :: ; : . ;; v : -. ; ;j ; . : ^. :: : : . : . : .- 

;• , .': ; Removal ■ df cells and soluble • proteins- was '-2 : r : X' 

: achieved by procedures, described in EXAMPLE 1; : ; The'--' : i-:-- : 
. iminunolpgical era 
- . .• v • inv^s t iga t ed by : coinpar isqn : ;; : wi t h; : : cryppr eserved •• yiabl e;. : . 

■v; leaf lets . The r esul t s of humoral • immune response s tudies ; 
. 20 ^^'vP*®^® 11 ^ 6 ^ ^. Figure 5^^ 

: : was Assessed us ihg ah;antibbd^ 

: antigen extracts;: in 0 . i M NaGl p if : uhmodif ied 

•; : : . : v; rabbits immunized with NaCl of veither : 'modif iisd^^ 

; 25 .•. ;%jieil:. dep9pul : a£^^^ 

; of such : extracts were made . Freund' s complet^ : ';^ 

. ad j uyant ; 0 : : i ml - portibhs of these emulsions; were-placed: : 
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at ten intradermal sites along the backs of separate New 
Zealand white male rabbits; After two weeks; the animals 
were rechallenged with additional extracts of 
cryopreserved or depopulated leaflets emulsified in . 
■ ' 5.- : \ !: - : Preiind' s • incon^lete adjuvant . After 1.5 months, the- v 

ajiimals were bled - Imimine sera were ^ prepared aid were : 
screened for both: IgG M anti- " 

rabbit IgG euid goat V^ti- rabbit IgM antisera conjugated 
-y^ td alkaline phosphatase ; in : Figure; 5 ther ; -s^rii^ f ram::• 
^:viO■ : : : ••.•.• : ; : depopulated tissue recipient the 
: - : IgG : response . and <5% ■ : of the IgM riespons e obs erv^d ••. in :: . . • 
: : • x^bits • 
; : . ; : ■ : ; . These : f indings ^ : : indi ca t e : ' ;a 1 1 enuat ion of " ■ the' : - humoral : • imrnuhie ' ■ 
response to tissue depopulated by the techniques" 
; - :"- .V- 5-;S.V: ^ ^ .= : : =:=. ^ ^v^cies c3T±te.ec3lV:Vxri i ff t£lle : . 7p>r.e f exrire P.£:*. ■ tz&e i . /ui^exitL iorL'.F *: : - V- . 

. : "' : --. : 'v Example 5 . ; • ■ • ' ' -.Demons trati oh of reduced c el lular : immune ' ■ : -. 
• : : : ; and • : inf lammatory : responses; : to depopulated pore ine •• 
;• leaflets implanted in ; rabbits . • 

: Removal . of cells ; : and s piubiei ; ■ pt& i e ins : was"- ■■ : ' : v 
;: : : : : : . ?p. : ; ••••• • : • •. . : '• Achieved by pir ocedures : : ; d bribed in : ^ : 1^ : :; V ■= Divided 1 : : r 

'7 : . :: " : -r. ;:: " : /^ 

■■ " • Ccfilul : a:r) : ;-pbrcine leaf letsv; were -;insert^ 

■ ; V into ; :pbuches :f pme : ■ 

.*-V - ^ - t t : - : -" : - :i r": : f ^ : ""=:■ i f : : 'Zea.Xajxd~'*r ^ wlxi't: e i : ^maLi;e : : e pcnaclxe's were -closed andH::: 

. 25 : aif ter : two. Weeks 't^ 
. ■ . *. ;(skin . to muscle) :;wefeV're;c^ere : d surgibally and •••f ixed .';ih v."; 

• formalin for histopathblogic analysis aft staining ': : . 
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paraffin embedded sections with hematoxylin and eosin. 
Figure 6 shows that depopulated leaflets engendered 
minimal cellular responses compared with crybpreserved 
controls. The cryopreserved tissue which contains both 
an endothelial dell layer as well as fibroblasts . 
^stimulated : significant immune : and inflammatory ; cell ; : 
response: with large numbers of heterophils and 
lyn^hocytes ^d plasma cells in the implant area as well 
as : wi thin the implant s : themselves . . In depopulated tissue 
. implants / vboth : in^ cells were f eWer ■ : 

. in number . and mo re: 1 imi t ed • in distribution . • : . 



Example 6. ; ; ; Demons t rat ion of removal of antigens : : ; 
responsible f or :hyperacute ; rejection; o porcine-tissues;: 
in a V hinnan : irec ipient > ; • 

Removal:^ and : solubl e proteins f rom -.y 

porcine aortic heart valve leaf lets and aortic conduit S 
was achi eved : by ; procedure s.'; : des cribed in ; EXAMPLE ; ; 1 . 
Divided: ypiec es-of : these tissues and their c oimterparts : 
: frbm. : f r e sh : .^d^ib ^p^te^erVed porcine : - : aortic; heart • valyeis : ; ; 
were : f re^ 

mounting medium, cu t ; iiat o 8 - 10 jjp sec 1 1 ohs > mounted on 
charges modified glass ^slides 

acetone ; the tissues; were probed wi^ a biot in -conjugated 
; Bande iraea ; ; s iinpllcif pi ii lee tih-i = . whi ch b inids : t b : lsp£ ci fie . '; : ■ 
galactose - a 1 ,. 3 - galactose -modified proteins found : qn : : the : ^ 
membranes of porcihe^.c proteins, are ; 

the sites of binding of preformed natural antiporcine 
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- antibodies that initiate hyperacute rejection responses 
. . • of porcine tissues in primates (including man) . Proteins 
'v; ; binding this : lectin were detected - by. then - reacting.- the- '-. 

. sections with biotin- conjugated horseradish peroxidase- 

. 5 avidih mi^uire;; hydrogen peroxide , and 3 ,3 # - 

diaminpbeniz idine . 7 Presence of porcine antigens is -. 
: detected by color development : In jFic^ : -' : 

. : : ahalys is of . sections, demons t rat es cell: associated antigen 
: : : : - V. v^ 21 : cry opre served aortic, leaflet 7 
1° : , : v7mar)cedly diminished antigen binding ; after :: 

: ; • • • v.d^cel lular iza t ion- . of the aort i c 1 eaf le t 7 ' ' : ' This s tudy ; 
• . . shows that the : depopulation procedure as pres en in the 

pre f err ed v embodiment 6 f : t he invent i on ; reduces • cri t i cal : ; ■ : 

15 : : : , : a :: .humah recipient . . 

•• Example 7. BiomechanicaJL properties of : depopulated : 

porcine aortic - heart ;va leaflets stress -strain 

: • - "" : -VV : : : : ":':: .analyses . • 7 ■ .; 7 7' ./: : :V : V;:V : : : :V : ■ 

;7:7:V7P6r^ 

- 20 v.vvv." :.- " were sterilized; with ; ^t ibiot ic mixture and crybp reserved •' 
•77 under • condi t ions that : ^ihtaih ; cellul ar : : viabil i ty . For r. 
: depopulation, -aortic valve were ttewed v ;ra 

' • then treated with :low : hypotonicity :V ;solut"ion : >^-nu^ .::V77 
. 25 biomechanical testing, leaflets were cut into 

^yyy ::::\--h.\y:: . vCiXjOffltf ereiltial ■ 'OT Xadial; StripS, ! .mOUhted : OntQ ^n- Tng ferQff-y" 

. Model ioii:;^ 
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pressure. Tissue was bathed in 37°C or 4 °C Hanks 
balanced salt solution during testing. After 

determination of gauge length and 20 preconditioning 

cycles (100 g load for circumferential strips and 180 g 
• 5 . for radial strips) ," each specimen was tested as follows : 

1) A : single load versus elongation; test; : results -of 
which aire shown in Figure 8. ■ Radial .'Strips were more • ; 

. extensible than circumferential under all conditions. 
■■ Tissue modulus., was unaffected by any7 treatment , but . - . 
: 10 . depopulated; radial strips "were s igni f i cant ly more 

extensible- ; than vf resh. tissue (113. ±11,8 vs. 85.9 ± 8.6 

::^. : :.: r - :: ;:::::;;::: r ;. I;;;;;::;:;:;;:;:;;::::.:;. . : . : -; : -": :r: : r mm/mm) 7 "K:. .:7:7. ;.: .:\ - : : !: ■ ::::: :: :::::: ': : 

2) A stress relaxation test; results of which are • • 

• -shown: in :'Figu^ 

v. 15 v. . . • approximately v 10% of the : -brigina^stressV-was- " dissipated 1 -- -v 

• in the f irsMlbV^ .of ::.stf«^S7.^M^ 

■ appeared greater : in radial : strips in general; and was . : v^: : ;:;.: : '::'::: 
■'."fastest in cryopreseryed - radial strips . v At the 
terndnatioh of ; the : test , : stress: ren^ining : in 3 7PC : 
. "V. 1 .^ v : . : depopulated, c irbuntfera : : was. : s igni f icantiy . .7 . 

greater ■ thah. ; . in. : f resh tissue ; there were no sigiiif icant : ;: ::::; ^ 
differences in the : radial s trips ; .and-':'- ; ..' : 

3) ■ A t ens i 1 e ; failure : t est , : r esul t s of which are 

... shown in : Figure 1Q> For each condition, •": circumferential; 
: ^-^;;^=" ?5..: : .. : • : s t rips were -.: stronger/' stif f er; : - and : tougher than- radial:: ^^V:^:^^"^^;: : 
strips. Cryopreseryation and- depopulation did nbt : affect 
: these parameters measured in the circumf erentiai 
direction. - : Radial: strips cut ;;f rom tissue depopulated: at 

" r':'. ; ■ 40 ■ ■ " .. ' ■ " : ■ 
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either temperature did show greater toughness as compared 
to fresh. 

The description contained herein contains the 
preferred '".ej^oddmmtsr of the invention . However, 
numerous :al terna^t embodiments are contemplated as 
falling:; within-; -the::scope of ; the invention. By teaching 7. 
and by : example ^ ^ features of the invention 

are demons t rated rT/vi-) removal of xenogeneic:- cells: and '--V- 

potentiaily : - : usef ul : : : as' ''an : 
implant able or transplantable graft in h\in^s( shown by . 
his t ologi c and : biochemi cal analyses ) ; 2 X \juader the : : 
influence; of : 
g^ycosaminoglycaii,. .and ■ growth . factor, : ; the v acellular : 
t issue : ; : .can . be • repopulat ed - with " exogenous ceils ^ ■ v ; 
pqtent iail^ the recipient : of the .graft s ; - 3) 

iraintenance : :qf v. bipmiechanical . properties v similar to those 
° f : c^opreserv^;^ 

s t abl e 9rraf t - material s ; and 4 ) as a ■ ^result - - of : the : ': • : : " •' 
depb j)uia t i bh : pro cedure , : the pr opens i ty of depopulated ^ 
tissue, tq.^^ 

humoral immune / response in the recipient. is ; rediided; : 
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WHAT IS CLAIMED IS: 



1. A process for generating implant tissue comprising: 

A. eliminating native cells and other 
extracellular tissue components from the tissue to : 
provide a: tissue matrix; 

B . treating thie tissue, matrix, .with cellular ; : 
adhesion factor to promote s^ attachment of 
cul tured: ^ autologous cells to the 
surf aces :of the tissue: matrix;- and 

C. repopulatijig the tissue matrix with the 
V: cultured, allogenic 



Thie process of claim . 1 where 

■ generated ; from, natural collagen tissue, heart valve 
:" tissu^; ;:::cjpr^^ 



. 3 .-. .v.-. : " The v. proces s . . of . - claim 2 wherein the hear:. 
: tissue is pulmonary or -aortic, heart 



;4 - ;:The; ;process :;of : ciaim; : 1: ; wherein; the;; in^ 

: : generated; . by : treat ing: : : t is sue- ; ;p f :" hbh - ; human : or igih ; : 
wherein the cells used to repbpulate ; the tissue 
^matrix . are : p f; -human: or i gin and wherein the t is sue 
-generated-; is subs tant ially nan r: iimriogeiiic upon ; 
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The process of claim 4 Wherein the tissue is 
repopulated by incubating the tissue matrix in the 
presence of fibroblast cells and fibroblast growth 
factor. 



6. The process of claim 5 wherein: the - fibroblast: cells 
are allbgehous cells; 



7 • The ; process, of claim 5 wherein the fibroblast . cells 
are derived from stable cell /lines;;; 



: The; '■ pr oc es s ■ of c l aim ; 5 . where in the : f ibrobl as t ; : c el l s ; 
are modif ied genet icaily^ 

transf ectioh with exogenous genetic material . ; : 



^e. ; pr^ 

;a.re^: of i inumsui .-origin^ ■be^^v 1 "' 1 
substantially n^ 

:': the : ti S SUe : 'implant .': .': 



. : . 10 . : . : The " prbc ess b f : ■ cl aim : : : . : 5 wherein 1 this : f ibrbbiaLS t : : cells 

are'/ of - ■ ■ human ■;■ origin ' and .are mbdif led v to : .expres s : / 
: : :: specif ic; proteins : . 



11 . • Ttie ; ; pr be es s of : claim 1 where in the hat i ve eel 1 s ; are : 
eliminated by treat ing the t issue with; a solution 
effective^ to lyse the cells . 
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12. The process of claim 11 further comprising treatment 
of the tissue with enzyme nuclease effective to 
decellularize the tissue matrix and provide a tissue 
matrix of limited immunogenicity . 

13 . The process iof clai^ 12 wherein t^ tissue is 
: treated: with-^ 

: dompri^irig RNAks^ A, DNAase I , EcbR I and : Hind .III . 

■14 The process of claim . 1 wherein -step. (A) comprises • 

treating;: the : tissue wi t h 1 ow ionic s t r eng th s olut i on : ; / 1 v J J 

• . " ' and DNAas e ; I; and ENAase A, effective to eliminate 
-. ; : natiye:::cells an provide a tissue matrix of limited 

• • i^ , and wherein cell debris , soluble 

v . .protein :; .ahd ; -other- miatt^ 
tissue;.: to ': prwide ; ^ 

'• of-. - native : ; ; t issue components . ; ; antigenic: ; wi t h respect : .'. 
• to : the : ' : impiety; recipient. . • 

; ; : treated ^ with : a^c 

a glycoprotein and a glycosaitdnoglycaji effective to •: 
. promote attachment of the; cells to the tissue matrix ; ; :: 

: :: : VduringV:': t he ; : : step of cellular repopulatioh v': ; ■ 

16 . . The process! ;6f : claim 1 wherein ^the : '.tissue- matrix., is.- 

•. treated : with; cellular a :V ; : .-.;' : : ;;. 
one: or rtibre extracellular proteins ordinarily 
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associated with the native tissue effective to 
promote cellular attachment to the tissue matrix 
during the repopulat ion step (C) • 

• -IT.- The process of claim 15 wherein the 

; ; glycosaminoglycan is heparin, heparin sulfate, :; ; 
: cnondroi t in, chondr o i t in V sul f a t e , dermatin : br' -. ; " - : ; 
dennatin. sulf ate : and the glycoprotein is 
• ••; •" f ibronectin 

; 18 ; The process: of claim :16 wherein the native: t 
heart valve tissue of porcine origin. • 

■ •y:'"-:^V: : : : ^ : : V:-::i9.. • The process of claim 1 8 wherein the . \valye ; -tissue ; y-. • 

- : matrix -.is .. repopulat ed by : incubat ing ■ the tis;suev : . : .y. 
V ma t rix ft: reatedL : .according : to ; step ;(B) : ; in : .t;tie : - .presepce 

:": : ;': :":':*: ■ Of : ^il Ogr'^iiWi'c /-VbiVlVaitl t OldgbllS r : .£ ±'1337^ laStV: SUQjd:': : : : . . i'- :": : : :": :": : :V: : : " :V' :V:': . :" 

■; : : .V v-v : : ^ : \raiy^- impi ant ; te^pjiui^ t i^d and revi tal i zed v ^ ; v." 
V : : . V : . f ibr oblas t : • cells and which is subs tajat ially; non- :; 
■; : ; • inrounbgehic : .upon : : implant at ion : ; ■ : ■ : 

; matrix is : prepared by : el iminating . natiyey t issue : ; v 

: - - a 

the, nucl^ 

■ • : : tissue : matrix- 
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21. The process of claim 1 wherein the implant tissue is 
allogeneic or xenogeneic implant tissue . 



22. A process for treating xenogeneic tissue to improve 
its compatibility withv the' -iznimme'. system of . sua ' 
implant recipient of a species different from the 
species of the source of the native tissue, 
comprising the steps of applying an amount of 
cellular adhesion factors to a decellularized tissue 
;.';-matrix" ■ effective : to : promote ; the subsequent 

.attachment of cul tur ed cell s t q the t issue matrix,. . : : . 
; wherein the cellular attachment factor comprises one 
or more extracellular proteins ordinarily associated 
: with , the native: tissue; :in: ;a; liquid ivehicle,; and then 
repppulating the t is sue : matrix with autogenous or . . 
; allogeneic cells to provide a substantially non- : 
. ; ; immunogenic and biomechanicaily acceptable implant . 
or graft whi ch is vital i 2 ed by the c e 1 lular 
: repopulation and : is h i s t ol ogically ; and : = b iochemi caily 
: .similar to "the ■ ■ corresponding^ ^ • ti ssue v : y'; 



23; The process of claim 22 wherein the native tissue 
treated is connective tissue; heart tissue or 
collagenous or vascular tissues .-yv ::.\:.-h.:i- r ■■■ 



24 . ; ^e. process of : claim 23; w^ 

. include a. glycoprotein .and a. glycosajminoglycahi . 
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25. The process of claim 24 wherein the tissue matrix is 
repopuiated with fibroblast cells immunol ogi cal ly 
compatible with the implant recipient. 

26. The process of claim 24 wherein the fibroblast cells 
are modified genetically by techniques of;; stable 

; ; transf ection ■ with ; exogenous genetic ma . 

27 . The process of claim 24 wherein the fibroblast cells 
are of human origin ahd;;are ;m6dified to be 

subs tan t iaily : npn - ijnmunpgeni c upon implantat ion . • 



28 . The process . of claim : 24 . wherein the f ibroblas t cells • 
- are. of ■ human- -origin-; tod;vare :: - modified v-tp; ; egress 
specif ic proteins. ■■ 



; 29 ; . The pr pees s ; of : claim 2 5 . whe r e in t he : adhes i on f ac t or : ; . . 
" : ; ; : : ; : .i s. c omprised : of f ibrbhe c t in ; ; and a gly cosaminogl y can ■ ' : v. ; 

selected if rorn^ consisting of der^ • 

: derma t in : : : sui f ate : ; : : : chondroi t in ; ; : ' chondr pi tin : : sui fate >■ 
-:-] ; heparin sulfa te ; and ; he^rih; : : . : ^ 

30. '.'/ ' The • process of ; : . claim : • 2 9 : •wherein •• • the- - nat ivet issue is; : : ^ . 
.-. ; pore inev heart valve : tis sue > and - wherein :: .t he - cellular ■ . 
: .vrepopulatiibh step ; .. is - conducted by incubating the ; : v, ; : .7; 
■ ■ • ' tissue ma t r ix an : ; a.'; nil tr i ent enyi r onment:/- : and- : ";in- • ■ t he: v : 
. .• presence of fibroblast cells and an ef f ective: amount . . 
of fibroblast growth factor. 
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31. A process for generating xenogeneic implant or 

grafts from non-human collagenous, connective, or 
vascular tissue wherein the natural tissue is 
; decellularized and washed to remove cellular and/or 
extracellular antigens , followed by treatment of the ■ v ; : 
tissue matrix with .adhesion : f actors comprised of 
f ibronectin and heparin : ef f ective to promote 

• attachment thereto of fibroblast cells 
; : : immuno^ 

recipient, wherein: the tissue matrix treated with.:; : 

: : r r:: ^:::::::: :^ i S r epO^Ula t ed ] by inCUbat ilig the : 

matrix : in ; the presence of the ; fibroblast cells and - ; 
• f ibr obi as t growth f ae tor tint il- such celltt^ : : ' 
repopu^ vitalized tissue ■ 

: ; : : : histologically similar to the: corresppiiding natural -y-y\:\:\:\:' 
' tissue , and wherein; th^ tissue generated is 

: : ' V roe chahi cally> biochemically ..and imrnimolbgically; ' ; : ; - . 
■ : •. v.suitabl e ■ : for ■ implantation v 

• " : ::32^/:;. -. The . process ■ of - claim : 31; wherein : t he V: f ibronec t in 

; :; ;: comprises human plasma f ibr one ct in or • human t issue : : ; 

• •' . f ibronectin. ..• 



•V- : 3 3> ; . : . /. The ■ p rqce s a v of claim 3 2 . where in the tissue is v.v 
cpilagenous tissue • 

V: Vi-fjAi-::-: The process • of claim 32 wherein the 'tissue: is : 
. .connective ''tissue. ■ 
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35. The process of claim 33 wherein the f ibroblast cells 
are cultured human fibroblast cells. 

36. The process of claim 35 wherein the native tissue is 
heart .valve tissue, and wherein the repppulation 
cells are human fibroblast cells.. : - 



■ ■;. 3 7 . The prop es s : of c laim ; 3 1 further compr i s ing t he; s t ep : : . - .;. 

: : of cryopr es erving the t i ssuei inat r die y at a'. . s t. a^^ ; ' prior v.' : • : ^ 

: -: 3 8 v . The process of ■ claim- • 34 - : : wherein ■": the : ' : nat ive tissue is : : : 
decellularized by treatments: including treatment ; .• 

• ; • -.v;. : immunp^ ; . ! . : .s ites . y .- .■ ■ 

•'-39:'.- The : ■ pr bees s : of claim 31 whe re in ■ the ; • heparin adheres ; - = 

":": : :V:':: : :Vf jJ^r OlieCt in":":':t O - pOrtlOnS : Of : : the tig SU€t : : : mat T ±&i\] : ': 3 Tld - : • ■ 

^::/::v":wherein^■■basi■c.v.■h^llnan■ recombinant fibroblast growth;' 

• factor y; x s y ; employ ed . ■ ^ ■ : ;. y ^ ■;;;; * 

:V : 4 0 ; w : ; ': : . The :': p r p c es s • of ; c laim : . 3 9. • • wherein- • : the i s sue ma t iriic is : ; : y • 
aortic or ; : pulmonary heart valve . • tis siie * . . . • . . 



.v :i . y : ."4i ;j : " r . ; : T^.v : : ^r^^s ^> : :bf : dlkim ; 31 : ; Vrtieiein the.f iirbblajs^ 
'v : .are:'autpg^pus^Cjells.' 
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42. The process of claim 31 wherein the fibroblast : cells : ; 
are allogenous cells* 

43 . The process of claim 31 wherein the fibroblast cells 
•• are- derived from stable cell lines . 



44 . : The pr oces s of claim 31 where in the f ibr obi as t v. cell& : . . .: . 
are ; modi f i ed genetically by techniques of stable' ::; v : . 
trans fee t ion with exogenous genetic material 



; ::'.':::V::'..':: : 45;w:;::. T^ 

. • v - . are :: of : human origin v : and- - are ;: modif ied to be 

: .V v V. .\v .V : .V." subs t suit ially nqnrin^^ 



; 46 ^ ; v : ; : The ■ pro cess of claim; ^i'^-wterein:': the;: : f ibroblas t : : .eel Is : 
■:V: : : aire b f human origin; : Md rare r ; nibdiif i ed : to; expres s.v. ■ 
J-.-spec if ic prote ins .•• ■ ■:; . . . 



-: : : :_- : 4 :7: J: - - :_:_= The; process - of :■" claim 31 ' ^where±nv;t-he - : t issue- -is ; " of- 
:::: : ;::':-;:::-porcine ^ 

/.:::::'::":■. 

: -are -human: :f ibrbblast:V.V: :\ 
: ^ presence'-. : bf -: : ief f e^ 

:. :.:.:.: :.: ..^ 

::: : :::::ti^ 

; ; ; subs t aht iailly |freeT b f • ' alders e Vlir^tiblogiical :' ires j?oiis^ : v ;': 
: upon implantation :into. a human. .. 
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The process of claim 31 wherein the tissue matrix 
preparation step comprises treating the tissues with 
a low ionic strength solution and nucleases. 



the process of claim 48 wherein the low ionic 
strength: solution of nucleases ^includes at : least one 
member of the group RNAase A> -DNAase I , EcoR -I and 
Hind III.V;v ; : . : '. : .,. . . 



The process: of claim 31 wherein y the icnpl ant tissue 
is; of ; nohr human origin; ^d :is V selecteci : f the 
•-■^■v^ tissue 

■: 'vis decel lulair i zed and treated with a . 1 ow ioni c • 
strength solution and DNAas e I and ; RNAas e A, : ■ 
. ■• ■ ef f ective to; eldininate : native cells and provide a 
tissiie matrix of limited immunogenic ity; and the 
• tissue matrix is treated with a . 
' '• buf f e red sblu t i on : containing V f ibr one c t in and ■ heparin :-. 
V sulfate effective to provide sitesy.ya^^ : with - 

":' the t is sue matrix whi ch £ acilitate : iibrbblast. cell 
: :. : : a 1 1 a chment : : there t o ? • and : - wherein '■ • the- t is sue • : matrix- .is • •• : : : 

: depopulated by ihciibating it^^t : 
"■■:::f ibr oblast Y":ceil^^ 

. ^ ■ t o . ' 

/ facilitate; cell growth arid repbpula t ion of the ■ 
' : tissue matrix with ^fibrobi^t;-. cells... ± :y. :|: • 
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51. The: process of claim 50 wherein the transplant : : : ; 
tissue is porcine heart valve tissue. 

: S2^X : ::i^^-^P9^Ba-: of claim 50 wherein the- fibroblast chilis 
•• are autbgenoxxs . ■ 77 

•• •' : ' : ' ; 53 7 !Hie process of claim 50 wherein the f iirobiast^ w^s^^.^ 
.7 are all ogeneic ^ 7 

77754 .y.- : : v-Av.pr6ce 

: 77 ; 7 :;: 7vimn^ 

: . : prbces s ing : int o' : : an ■ implant • t is sue whicfr ; ; .c ompr ises 7 ; 
the steps , of eliminating native 1 cells comprising : 

;VV::':V: : ; : :the ; :' ; group : con^rising : : : enzymes • and nu c i eases ef fee tiye : :V:V ; 
7777::' : v ; .to inhibit siibse^ native- "cell . growth. : in v tfe7" 

treated tissue; and effective to limit generation of: : :": 
new immunological sites in : the tissue . : - : . "--^ 

55 . The process of v claim 54 wherein the tissue is : 
■ . : treated with a; low ionic s t rength solutibn/bf : 

r : . 

.'V 7::^-: -matrix- ;and ::prcrvide :: a- tissue: matrix of limited 77" 

7 : : :": : immUnOgehicj ty VV; ; :'; [^11: \\ 

'..5.6V The process- of claim. 5 5 wherein the. ibw ionic 

: s trength; : ■■■ s plutidnv of nucleases ■ .includes v.at ■ : leas t- : " ; . : : : v ••• 
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one member of the group of RNAase A, DNAase I, EcoR; : 
■ ;I and Hind III. - 

■■■■57;-:: : The process of claim 55 wherein the nucleases 

; : - ; i employed are r ibpnucl eas e A and deoxyr ibpnucl eas el. 

' : . : - ^ further -cbi^risihg 

■ : • : ; : crybpreserving the t is sue matrix / prior to further 

: - processing . • 

: ' : 59.'..- : The ; process of • claim 55 further: comprising.- " 

: processing. ; 

. 60. ' . '.• The; process ' of • claim 59 further comprising . 

v;S t<e r il i z ing : the t i s sue : or ■;■ t is sue ^matrix or: both. 1 •'• : v 



:../:/ : V.y:;-v^ 

^ v c^^^ then remi^ingv t^ 

: t^ prior : to i treatment in •:• 
accordatice with claim 53 . 



: : :':-V :: v-' : : :- : : : - :: ::V'62 ..- .The : Vprocess of claim 61 .wherein;; the t issue matrix : is ; : ; : : v 
of porcine 1 heart val ve : origin.;.. 

63 . The. process of .. claim 62 ; wherein the heart valve is a 
. pulmonary... or an aortic . heart valve . : 
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The process of claim 54 wherein said 
decellularization comprises treatment With a 
hypotonic aqueous solution. 

The process of claim 64 wherein said hypotonic 
aqueous, solution is a buffered aqueous solution /^V/V; 
effective to cause cell lysis . • . 

The process of claim 65 wherein the tissue is 
porcine heart valve tissue. 

The " pr bees s of claim '6 6: wherein' . the : hear t ; valve : ; is ."-a : .v.": : .v : y : '- 
pulmonary or an aortic heart valve . 

' 6 8 ; The : process of :: claim 67 further comprising :the /step;^^ 
v ; of : cry opr es e rvihg '. t he porcine heart va^ : v': : " 

.-. . ... "-. produced." : -\.\'y ;: . • • •• 

i::69 v ^ ^process- ;-:fp^^ 
■ - ■ ■■ from'* porcine -.or .bovine- valve : tissue "which:: is :: : :: 

: : histologicklly = 
iii^lMtatibhViin ra :hiunan or ; :^ 

' ^ : "V::"pCaJ^risil^i. - . ; 7 ■V-'--- : -:':V:': : -'- 

y.-/... : . : A^. ; ^ &-:'--r-^--r' : :-:^.r: 
■ y provide a matrix siibstantially f ree of native? : 

• cellular antigens and treated; to limit generation: of 
Mw,in^6l^ical; sites; . 
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B. applying attachment factors to the valve 

tissue, matrix, comprised of one or more 

extracellular proteins ordinarily associated with 
the natural tissue, effective to promote attachment 
of f ibroblast cells to the matrix, and repopulating : 
the valve tissue matrix with allogenic or autologous 
fibroblast cells in the presence of fibroblast : . v 
growth factor immunologically acceptable to the 
implant recipient to provide a vi tal i z ed valve A 
.tissue'. - : 



70 . .'• The : : proces s . of ; claim ; ■ 6 9" : wherein -the heart valvev -is ; : ; : : a. 

pulmonary o r an aor t ic-.'. heair t valve . '. '. 

71. : A process for generating-a graft: lor-fceart^vai^ 

• ;'impl ant ;s^ 

A . preparing a : por c ine heart valve • • ti ssue v ' : - • ' . 
.. ; • matrix by : decel lular iz ing .v : the ; nat ive t i s sue and 
■ :• treating it vwi th : ■ enzymes or nucleases : : effective. 1 l toE ; . ; 

matrix;, of = : lliniied"i';imirimiogenicity;.. : :: 

•• applying : : an: : ef f Si C t iVe amOXiht Of : : ihUman plaSma I:-::'.:::':::::::'.:::::"::: 

fibroniectin: and heparin to the valve • : t is sue . mat rix-v- ' 
. . ; .' to prompt e cellular, at tachment of .■.ail bgehic or ■ • 
autologous fibroblast ; cells; -and"-;: 

G . repbpulat ihg /the valve tissue /matrix with 
fibroblast cells by incubating the valve matrix in a 
nutrient media comprised of cultured : hximan 
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fibroblast cells and human recombinant fibroblast 
growth factor. 

72; The process of claim 71 wherein the heart valve is a 
pulmonary or an aortic heart valve. 

73. ■■ The process of claim 71 wherein step A comprises the 
steps of lysing the native tissue; aiid .treadnent .with 
RNAase A and DNAase I. 

• " : .' : .. : ...74. The process Qf ^ claim 73 wherein the fibroblast cells 
are autologous cells . . 

7 5 v : The process of ; claim : 73 wherein the ; adhes ion factors ; 

., are applied by placing the tissue matrix in a 
• v^ - •■. nutrient; ;ime 

: l wherein the f ibroblas t cells and f ibroblas t growth : ; 
factor are thereaf^^ 

matrix by ; adding t hism • in ef £ ec t ive : amounts : t o : : : t he 
] riut ri : ^t::" : me 

•• 76 . the process ^ 73 : whexeih the f djpr pblas t cell s 

: . : y'. v vv ' are allogeneic . • : . ; ;:: v : 

77. The process of claim 73; wherein the fibroblast cells 
. are : " autologous y : r : ";-. _ V __" 
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.78. The process of claim 73 further canprising the step 
of cyropreserving the tissue matrix prior to further 
processing. 

79 . The process of claim 71 wherein the fibroblast cells 
are derived from stable cell lines. 



80 ; The process of claim 71 wherein the f ibroblas t c ell s 

are modified genetically by techniques of stable v ^ 
; : . transfection; with exogenous genetic material. 

; : 81. fibroblast 1 : cells::: 

V -^e of human : origin and are modified to be •'• 
• v subs t ant ially hon - immunogeni c ' upon : intpl antatioi . ;. ..•v ; lv::.-V:.- ; : '- : ; : : 

■' : . " 82 " Tlie pace's S: :: ;o£V'cia\imV yi^Vrtieir^in:- the fibroblast -/dei-lsP;; 
'•• : : : : : a^ v:0f //.hurnanV-or igin : : • and are. •modified to express V " 
; . ' spec if ic -proteins-;. 

83 ' : v^^i^t ..tissue product ". gehierated ; vin- accordance 
:V with the; process of : any V one of : claims;::! - 53V ■ 

v The tissue matrix generated in accordance : with' any 
' one .; bf :: claims 54 -6.8 . ','/ . . 

' 65. The o^^ge^eiipiiva generated; in accordance ;withv;V-..M^ 

Claim" "73V; : :.-V - 1 . :V- V:. . .. 
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86. The process of claim 1 wherein the valve tissue is 
heart valve leaflets > myocardial tissue associated 
with the valve, aortic conduit extending on the 
outflow side of the valve or the root of the valve 
extending to the atrium. 
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FIG. 2a 
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FIG. 3a 
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Figure 4. 



COLLAGEN AND NONCOLLAGEN PROTEIN SYNTHESIS 
IN PORCINE AORTIC HEART VALVE LEAFLETS 

Fresh, depopulated (acellulor), vs. repppulated with rabbit dermal 



F~l fresh depopulated 1 repopulated w/isolate ; 1 ITT] repopulated w/isolate 2 



:-V ; ::?" : Me^iuM^:: i: 7::l-'?^ ■:X;^-X^X : JJ\^XVX"XXX:: 
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Figure 5. 



REACTIVITY OF RABBIT ANTI-SERA RAISED TO EXTRACTS 
OF CRYOPRESERVED ( o ) OR DEPOPULATED ( a ) 
PORCINE HEART VALVE LEAFLETS-ANTIBODY' CAPTURE 




1:40 1:160 1:640 1:2560 1:10240 1:40 1:160 .1:640 1:25601:10240 
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FIG. 6a 
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FIG. 7a 
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Figura 8. 



PORCINE AORTIC VALVE LEAFLETS 
Stress-Strain Relations 



o Fresh * Cryopreserved v 
Gircurnfirentiqj 

0.8 . ' r'":- , • -n 0.8 



Depopulated (37°C) 
Radial 
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Figure xo. 

TENSILE FAILURE DATA FOR PORCINE AORTIC VALVE LEAFLETS 
EFFECTS OF CR YOPRESERV ATTON AND DEPOPULATION 

Circumferential Strips 





FRESH 


CRYO- 
PRESERVED 


DEPOPULATED 
(37°C) 


DEPOPULATED 
; (4°C) 


Tissue Modulus 


43.8 ± 8.3 : : 


35.8 ± 7.0* 


58.3 ± 7.6': 


46.0+8.2* 


Ultimate Tensile 
Strength 


7:4 ± 1.6 ; 


: 5.9 ±1.1* 


10.7 ± 1.3* 


9.1 ± 


Toughness (resil- 
ience) "\ 


1.6 ± 0,3 


1.5 ± 0.4' 




2.6 ±0.6* 


Strain at Fracture % 


' ' 43.7±4:5 


44.2 ± 7.3* 


-■..■.57,7:±-8 v l'-" .; 


67.5 ±5.0* 



IWts of ^ 

Depopulated at 4°C (5); a Difte 



Radial Strips 







PRESERVED 


DEPOPULATE 
^37°C) 


DEPOPULATED 
<4°C) 


Tissue Modulus 


4.9 ±0.4 


: 5:2 ± 0.9" 


, 5.1 ±,1.3*: • 


7.7 ±2^* 


Ultiinate Tensile 

"Strength-" "V : ' : : : : : . : . 


0 9 ± 0.07 


d.9io.2* 


1.2 ±0.3* 




Toughness (resil- : ; 
ience) 


0.4 ±0.03 


0.6 ± 0.2' 




■ : r7;b:8;±i"6:i b; .^ ; :V. 


Strain at Fracture % ; 


117:± 8.7 


96.4 ±11,5* 


■ 161 ±26.4*:: 


112±41.9* 



: Units of MN/mV Mean ± SEM; n, Fresh (8); CryopreserV0d (5), Depopulated it 37X (7); and 
Depopulated at 4 9 C (3), * Difference not significant compared to fresh tissue: 6 Difference rigitfieaht 
.y ; ■ • '" ■ at p <6.05 compared tb freih tissue. -V: 



10/ 10 



INTERNATIONAL SEARCH REPORT 



International application No. 
PCT/US95/02350 



A. CLASSIFICATION OF SUBJECT MATTER 

IPC(6) :A61F 2/24 
US CL :623/2 

According to International Patent Classification (IPG) or to both national classification and IPC 



B. FIELDS SEARCHED 



Minimum documentation searched (classification system followed by classification symbols) 
U.S. : 427/2, 24; 4352140.1; 623/2, 11, 66 



Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched 
NONE 



, where practicable, search terras used) 



NONE 



C. DOCUMENTS CONSIDERED TO BE RELEVANT 



Category" 



Citation of document, with indication, where appropriate; of the relevant passages 



US, A, 5» 192,312, (ORTON), 09 March 1 993. 



Relevant to claim No . 



1-86 



Further doaimenti are listed in the continuation of Box C; 



See patent &mily annex. 



' Speckl cotagorie* of cited docuncoto: 



•A" 
•L* 



j the gtaecml otato of to «t which h doc oouideral 
to be pat of roji ti rnbr f tlmou&u ■ - 



■': didb od not is cWSctwift dtttppftxtna bat cited to undent the 



documeot whk* any Arow doubto os priori^ ckim(i) or vhkk ■ 
cited to orttfefiA the m&lkxtjca due of toother cfetiaa or. other 
ipecU ram (m specified) • : 

document referring to u otij dsefcourc. im, exhibition other 
doaMKrtpaMi^ prior to the iiilanotiODd 



: conridcrcd norvelor coonotbe oouidercd to involve tn iDVeativoHep 




coatidcrtd to mvvhm m wmfa tixp wbtn tix 

;co nfrimid wahooeormo«oo<hCTipA 
bciD|obv»Qito«peTmckiaod iatheut 

bo pttBot fti&Uy. : 



Pate of tho actual completion of the international search 
17 MAY 15^95 



Name and mailing address of the ISA/US 
Co mmini oncr ofnteott and Tnutemarks 
BoxPCT 

Washington, D.C. 20231 
Facsimile No. (703)305*3230 



Form PCT/ISA/210 (second sheetXJuly 1992)* 



Date of mailing of the mtemalional sewh report 

30WAY199J 



Authorised ofttoer 
ROBERT CLARKE 



Telephone No. (703) 308-2908 






INTERNATIONAL SEARCH REPORT 


International application No. 
PCT/US95/02350 






Box I Observations where certain claims were found unsearchable (Continuation of item 1 of first sheet) 




This international report has not been established in respect of certain claims under Article 17(2Xa) for the foDbwing reasons: ; 

1. p"! Claims Nos;: 

because they relate to subject matter not required to be searched by this Authority, namely: 

2. : R^j Claims Nos.: ' 2, 3, 83/2, 83/3 

. : . i "^****?£^Vl 'international search can be carried out, : specifically: : • - • : : 
Claims 2 and 3 as filed arc unsearchable as portions of the claims are rniasing. ': • • 




3 - CD Claims Nos.: -\ 
because theyM 




Be* 11 Observations where unify of invtnrVui k Mtt^ (Cootmuatkn of it™ 2 of flrft jh«t) 


This International Searching Authority foimd mulfy^ 














1. F] As all required additional search fees were timely paid by the applicant, this mternatjonal search report covers all searchable 

of any additional fee. ' ■■■■■■■■■■■■■■■ ■■■■■■■■■■■■■■ 

3. : []^J As only some of the required additional search fees were timely paid by the applicant, this interim,*) ,nrrh irprirt covers 
. only ttose claims for which fee* were paid, specifically clan*! Nos.: 
















4. [r] No required additional search: fees were timely paid by the ar^lk^ Conse^ 

;;; restricted to the invention first irierjtkrned m covered by claims Nosi: 

Remark on Protest Theadditk^ 

n No protest acconipankd the payment of additional search fees. 





torrri PCT/ISA/210 (continuation of first shect(l)XJury 1992)* 



